IHSIGNSLIN [a 


compe | SHALNdINODOYDIIN 
pe6eu3 | 11G-9L dIHO-JIONIS 


M00” NUNC 








{ OLOS7a IHSIGNS.LIN Sy” 








MITSUBISHI 


SEMICONDUCTORS 











[9 : " { 


SINGLE-CHIP 16-BIT Enlarged 
| MICROCOMPUTERS 


MITSUBISHI 
ELECTRIC 





a ae A SE 2 SE beat Sass 





ee ee 








MITSUBISHI 
ELECTRIC 





BIT Enlarged 
RS edition 


6- 
c 


CHIP 1 
OMPUT 








NGLE- 


SEMICONDUCTORS 
ICROC 


MITSUBISHI 


SI 
M 





All values shown in this catalogue are subject to change for prod- 
uct improvement. 


The information, diagrams and all other data included herein - 


are believed to be correct and reliable. However, no responsibil- 
ity is assumed by Mitsubishi Electric Corporation for their use, nor 
for any infringements of patents or other rights belonging to third 
parties which may result from their use. 


GUIDANCE 
MELPS 7700 16-BIT MICROCOMPUTERS 
PROGRAMMABLE ROM MICROCOMPUTERS 


APPENDICES 











( 
s fi ‘ 
. = 
. : v9 ° 
oad ‘ 























. aes : - 
ne : ‘ a 
rh : 
. 7 , 7 ° . , qi 
: - a7 : , 
Re : 


MITSUBISHI MICROCOMPUTERS 


INDEX 





BEB cuipance | | PAGE 
Index by FUNCTION ss eicc reece etree tent e eee ee eee e een cence eee e tenet e eT eE Eee eee n Eee E tenes c eee ee nese tee eeet esac eeece tena es 1=3 
Development Support Systems <c::::::cceetet eee ee ener eee ease eee eet eae a ete eteeeeeeeeteet tees i= 
Ordering Information -:::1:::sescriettt eterna e enter ter tes ica tletel ae ara aalid Mae raat ota pe 1—8 
Package Outlines: :::-::::cciece treet teeter eee eee eee eee eee ene e cnet neee canes ceeeceeteaenteeesaneeeeneeseeeeeaneesneees 1—9 
Letter Symbols for The Dynamic Prater ae ees wae bee Me een eerie peter eee ee Papen eres 1-12 
Symbology artanhas gugyiusalie@ Let's recorene rare tahoe’ che'te xe! arene Vo. levavterietio wm ‘ei ohavelerwlle@i aig nose te tore’ e tare iene ore fone stale velerave: 6u'0 weane:ouelsr enaselaise ehsseiar one letesere ai o.i5 es arare Jotaeyi0/as ocaleten oaieroker Orsls Ssie Scalers aes! Sishs) EWiese- Sone ] —15 
Quality Assurance and Reliability Testing -corcccrrrrrrreeet rete eeetenenenetennennnene reese ne ee nn eet een eerste teas 1—18 
Precaution in Handing MOS IC/LSIs -i-1:cr secrete eee eee eee EEE eee t eee EET aS 1—24 


EA eves 7700 16-BIT MICROCOMPUTERS 
M37702M2-XXXFP, M37702M2AXXXFP, M37702M2BXXXFP, M37702S1FP, M37702S1AFP, M37702S1 BFP 


| Single-Chip 16-Bit CMOS Microcomputer -::-1+:rtrrrr etree rete rete te eee ee es 2—3 

M37702M4-XXXFP, M37702M4AXXXFP, M37702M4BXXXFP, M37702S4FP, M37702S4AFP, M37702S4BFP 

Single-Chip 16-Bit CMOS Microcomputer -+-11+1rrrrtrrttt ete ttt etree eens 2—62 
M37703M2-XXXSP, M37703M2AXXXSP, M37703M2BXXXSP, M37703S1SP, M37703S1ASP, M37703S1BSP 

Single-Chip 16-Bit CMOS Microcomputer ---+++::-s1eeereeeee erect eee ee ete ees I—65 
M37703M4-XXXSP, M37703M4AXXXSP, M37703M4BXXXSP, M37703S4SP, M37703S4ASP, M37703S4BSP 

Single-Chip 16-Bit CMOS Microcomputer ::::*+:+r srr tr etree eect etree 2—84 
M37720S1 FP, M37720S1AFP 16-Bit CMOS Microcomputer eer ae eT ee RRL ee ee CRE re ei eee ee err) 2—86 
M37730S2FP, M37730S2AFP, M37730S2BFP, M37730S2SP, M37730S2ASP, M37730S2BSP 

16-Bit CMOS Microcomputer::---+:- eT Cee Dems eee eee 2—179 
MST7S2S40 Fs M37732S4AFP, M37732S4BFP 

16-Bit CMOS Microcomputer:---- Use eeaa docs venetian ame ean ate waeuic ated 9—237 
MELPS 7700 Addressing Modes Teer ree ae are rei a rie rari ee eee ee ee ee ee eee oe ee ee ee eee eer ere er eee ie ee ere er ae reer oe ee Ee ee ae 2— 298 
MELPS 7700 Instruction Code Table rea a ae aera aera a rr eer ra a i a ee ee re 2—- 34] 
MELPS 7700 Machine Instructions: :::o:cc ctr nee nn ene n ene een e eerste sence ee cece esses eee eeeeeeeee 2—344 


Bea pRocRAMMABLE ROM MICROCOMPUTERS 
M37702E2-XXXFP, M37702E2AXXXFP, M37702E2BXXXFP, M37702E2FS, M37702E2AFS, M37702E2BFS 


. ; PROM Version of M37702M2-XXXFP, M37702M2AXXXFP, M37702M2BXXXFP ::-:- 33 

M37702E4-XXXFP, M37702E4AXXXFP, M37702E4BXXXFP, M37702E4FS, M37702E4AFS, M37702E4BFS 

PROM Version of M37702M4-XXXFP, M37702M4AXXXFP, M37702M4BXXXFP ::::- 3—26 
M37703E2-XXXSP, M37703E2AXXXSP, M37703E2BXXXSP 

PROM Version of M37703M2-XXXSP, M37703M2AXXXSP, M37703M2BXXXSP -:::- 326 
M37703E4-XXXSP, M37703E4AXXXSP, M37703E4BXXXSP 

PROM Version of M37703M4-XXXSP, M37703M4AXXXSP, M37703M4BXXXSP ::::: 3—51 

3 aprenvices | | | 

MELPS 7700 Mask ROM Ordering Method::---:--:s:se essere SR ea ina acigiase ne padidiats 4—3 
MELPS 7700 PROM Ordering Method ---:-1i:rccrrrrcret rec en cee renee nent cence cress nee eee es steeceeeeeees +-4—16 
Mark Specification Form -::::- rere Shee eee eee eee ee aes eeeea eee rese acca ee ance esse neeee nese esc ae eetecee nse et estes 4—29 


Contact Addresses for Further Information 














ae 





GUIDANCE fi | 
































MITSUBISHI MICROCOMPUTERS 7 


INDEX BY FUNCTION 





MIMELPS 7700 16-BIT MICROCOMPUTERS 







Electrical characteristics 














Circuit function and organization Structure 













16K-Byte Mask-Prog. ROM, 512-Byte RAM 


Supply | Typ. : 
Package Page 
16-Bit Timer, 8-Bit A-D Converter ; C, Si 


voltage | power 
80P6N 
Two Serial |/O 
16K-Byte Mask-Prog. ROM, 512-Byte RAM 
M37702M2AXXXFP | 16-Bit Timer, 8-Bit A-D Converter i Ie 250 16 80P6N 
Two Serial !/O 


16K-Byte Mask-Prog. ROM, 512-Byte RAM 
| M37702M2BXXXFP | 16-Bit Timer, 8-Bit A-D Converter i |} 510% 8SOPEN © 













M37702M2-XXXFP 











Two Serial I/O 


External ROM, 512-Byte RAM 
M37702S1FP 16-Bit Timer, 8-Bit A-D Converter C, Si |5410%)| 30 500 8 
Two Serial I/O 


External ROM, 512-Byte RAM 
M37702S1AFP 16-Bit Timer, 8-Bit A-D Converter Cc, Si |5210%! 60 250 16 
Two Serial I/O 


External ROM, 512-Byte RAM 
M37702S1BFP 16-Bit Timer, 8-Bit A-D Converter C, Si |5+10%)} 95 | 160; 25 
Two Serial I/O 


' | 32K-Byte Mask-Prog. ROM, 2048-Byte RAM 
M37702M4-XXXFP} 16-Bit Timer, 8-Bit A-D Converter C, Si 
: Two Serial |/O 


32K-Byte Mask-Prog. ROM, 2048-Byte RAM 
M37702M4AXXXFP | 16-Bit Timer, 8-Bit A-D Converter C,Si | 510% 
Two Serial |/O 


32K-Byte Mask-Prog. ROM, 2048-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter C, Si | 5410% 
Two Serial 1/O 


External ROM, 2048-Byte RAM 
M37702S4FP 16-Bit Timer, 8-Bit A-D Converter 
Two Serial |/O 


External ROM, 2048-Byte RAM : 
16-Bit Timer, 8-Bit A-D Converter C,Si |5210%)| 60 | 250! 16 - 
Two Serial [/O 


External ROM, 2048-Byte RAM 
M37702S4BFP 16-Bit Timer, 8-Bit A-D Converter C, Si 
Two Serial 1/O 


16K-Byte Mask-Prog. ROM, 512-Byte RAM | 


M37703M2-XXXSP| 16-Bit Timer, 8-Bit A-D Converter C, Si |5+10%! 30 500 
Two Serial I/O 
























5+10%| 30 | 500 8 


































M37702M4BXXXFP 



















5+10% | 30 | 500 8 


















M37702S4AFP 

















5+10%| 95 | 160 | 25 

















, 16K-Byte Mask-Prog. ROM, 512-Byte RAM 
M37703M2AXXXSP | 16-Bit Timer, 8-Bit A-D Converter C,Si |5+10%]} 60 | 250 
Two Serial I/O 


16K-Byte Mask-Prog. ROM, 512-Byte RAM 
M37703M2BXXXSP | 16-Bit Timer, 8-Bit A-D Converter C, Si |54+10%} 95 160 | 
Two Serial 1/O 


External ROM, 512-Byte RAM 
M37703S1SP 16-Bit Timer, 8-Bit A-D Converter C, Si | 510%] 30 
Two Serial |/O 
oe | ——-_+— 
External ROM, 512-Byte RAM 
M37703S1ASP 16-Bit Timer, 8-Bit A-D Converter C, Si |5+10%! 60 
Two Serial |/O Be 


| External ROM, 512-Byte RAM 7 
M37703S1BSP — 16-Bit Timer, 8-Bit A-D Converter C,Si |5410%]| 95 
Two Serial |/O 


32K-Byte Mask-Prog. ROM, 2048-Byte RAM io 
M37703M4- XXXSP 16-Bit Timer, 8-Bit A-D Converter C, Si 5+10%}| 30 


Two Serial I/O 
32K-Byte Mask-Prog. ROM, 2048-Byte RAM 
M37703M4AXXXSP | 16-Bit Timer, 8-Bit A-D Converter C, Si |5#10%| 60 
Two Serial I/O ; aie 


‘ “| 32K- Byte Mask-Prog. ROM, 2048-Byte RAM 
M37703M4BXXXSP | 16-Bit Timer, 8-Bit A-D Converter C, Si |54#10%)| 95 
Two Serial I/O 


| 
; - . External ROM, 2048-Byte RAM 
M37703S4SP 16-Bit Timer, 8-Bit A-D Converter C, Si |5410%| 30 
Two Serial !/O . 
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MIMELPS 7700 16-BIT MICROCOMPUTERS (Continue) 


| M37703S4ASP 


M37703S4BSP 


M37720S1FP 


M37720S1AFP 





M37730S2FP 


M37730S2AFP 


M37730S2BFP 


M37730S2SP 


M37730S2ASP_ . 


M37730S2BSP 


M37732S4FP 
M37732S4AFP 


M37732S4BFP 





Circuit function and organization 


External ROM, 2048-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial |/O 

External ROM, 2048-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial |/O 


External ROM, 512-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial 1/0, DMA/DRAM Controller 


External ROM, 512-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial |/O, DMA/DRAM Controller 


External ROM, 1024-Byte RAM 
16-Bit Timer, Serial 1/O 


Electrical characteristics 


- Supply | Typ. 








5+10% 


5+10% 





i | 510% 


Package 


—64P4B 


100P6S_ 











5+10% 





5+10% 
pa 








External ROM, 1024-Byte RAM 
16-Bit Timer, Serial 1/O — 





External ROM, 1024-Byte RAM 
16-Bit Timer, Serial I/O 





External ROM, 1024-Byte RAM 
16-Bit Timer, Serial 1/O 








External ROM, 1024-Byte RAM 
16-Bit Timer, Serial 1/O 


External ROM, 1024-Byte RAM 
16-Bit Timer, Serial |/O 


External ROM, 2048-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial I/O 


External ROM, 2048-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial |/O 


External ROM, 2048-Byte RAM 
16-Bit Timer, 8-Bit A-D Converter 
Two Serial !/O 


5+10% 





5+10% 


C, Si 5+10% 


C,Si |5+10% 
che 





Cc, Si |5+10% 











C, Si | 510% 











C, Si 1096 | 60 250 | 16 
C, Si 096 38 160 | 25— 
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HIPROGRAMMABLE ROM MICROCOMPUTERS 
Electrical characteristics 


Typ. 
Circuit function and organization Structure} voltage | power Package 

dissipation 
(mW) 


One time PROM Version of M37702M2-XXXFP : 
= +109 
M37702E2-XXXFP 16K-Byte PROM, 512-Byte RAM C,Si |5410%! 30 80P 6N 





One time PROM Version of M37702M2AXXXFP 
+109 
M37702E2AXXXFP 16K-Byte PROM, 512-Byte RAM C, Si |5410%} 60 | 250 80P6N 
One time PROM Version of M37702M2BXXXFP a 
M37702E2BX XXFP 16K-Byte PROM, 512-Byte RAM C, Si |5+10%!| 95 il 160 | 25 80P6N 


; tT 3—3 
M37702E2FS EPROM Version of M37702M2-XXXFP si |5+10%} 30 500 8 80D0 


16K-Byte EPROM, 512-Byte RAM 


EPROM Version of M37702M2AXXXFP 
16K-Byte EPROM, 512-Byte RAM 


EPROM Version of M37702M2BXXXFP | 15+109% 
16K-Byte EPROM, 512-Byte RAM meas 


One time PROM Version of M37702M4-XXXFP : 
: +109 
M37702E4-XXXFP | 591 "6 PROM, 2048. Byte RAM 5+10%| 30 | 500| 8 B0PEN | 
One time PROM Version of M37702M4AXXXFP 
+109 
32K-Byte PROM, 2048-Byte RAM 510% | 60 | 250 | 16 SOPEN 


One time PROM Version of M37702M4BXXXFP 
+109 
32K-Byte PROM, 2048-Byte RAM Cel ear men), Vee SoPpoN 


3—26 
MS7702E46S ee cea C,si |5+10%| 30 | 500| 8 sooo 
32K-Byte EPROM, 2048-Byte RAM errs 
EPROM Version of M37702M4AXXXFP ; 5 
M37702E4AFS 32K-Byte EPROM, 2048-Byte RAM C, Si |5+10%} 60 | 250 | 16 80D0 | 


ea 6S FABER EPROM Version of M37702M4BXXXFP 5+10%1 95 | 160 San 
Gs 








M37702E2AFS 5+10% 250 80D0 


| M37702E2BFS 160 80D0 





M37702E4AXXXFP 











M37702E4BXXXFP 

















32K-Byte EPROM, 2048-Byte RAM 
One time PROM Version of M37703M2-XXXSP 
+109 ; 
16K-Byte PROM, 512-Byte RAM 510% | 30 64P4B 
One time PROM Version of M37703M2AXXXSP : 5+10%| 60 64P4B 


5+10% | 95 64P4B 

















16K-Byte PROM, 512-Byte RAM 





One time PROM Version of M37703M2BXXXSP 
16K-Byte PROM, 512-Byte RAM 


One time PROM Version of M37703M4-XXXSP ; 4 

32K-Byte PROM, 2048-Byte RAM Opel [Pa O72). |) 800 | : Cees 

One time PROM Version of M37703M4AXXXSP | 
M37703E4AXXXSP| 591 B\te PROM, 2048-byte RAM C, Si |5+10%| 60 | 250] 16 64P4B 
: C, Si 5 



































One time PROM Version of M37703M4BXXXSP 
+109 
M37703E4BXXXSP 32K-Byte PROM, 2048-Byte RAM 5+10%| 9 160 25 64P4B 
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Development support systems for MELPS 7700 


Assembler Emulation pod - For evaluate 
type name | as 
M37702M2-XXXFP 7 | 

M37702M2AXXXFP 
M37702S1FP 
M37702S1AFP 
M37702E2-XXXFP- 
M37702E2AXXXFP 
M37702E2FS 
M37702E2AFS 
M37702M4-XXXFP | | 
M37702M4AXXXFP —_ M37702E2FS 
M37702S4FP | M87702E2AFS 
M37702S4AFP | M37702T-HPD M37702E2BFS 
M37702E4-XXXFP ; (Exchange MCU for M37702S4AFP) | M37702E4FS 
M37702E4AXXXFP | | M37702E4AFS 
M37702E4FS | M37702E4BFS 
M37702E4AFS : | 
M37702M2BXXXFP : | | | 
M37702S1BFP 
M37702E2BXXXFP 
M37702E2BFS 
M37702M4BXXXFP 
M37702S4BFP — _ | M37702TB-HPD** 7 
M37702E4BXXXFP ' | (Exchange MCU for M37702S4BFP) | 
M37702E4BFS 3 : | 
M37703M2-XXXSP 
M37703M2AXXXSP RASM77. 
M37703S1SP | 
M37703S1ASP 
M37703E2-XXXSP 
M37703E2AXXXSP _ 3 
M37703M4-XXXSP | : M37703E2-XXXSP 
.M37703M4AXXXSP | . | | M37703E2AXXXSP 
M37703S4SP 7 | . M37702T-HPD | M37703E2BXXXSP 
M37703S4ASP | (Exchange MCU fot M37702S4AFP) | M37703E4-XXXSP 
M37703E4-XXXSP a | | | M37703E4AXXXSP 
M37703E4AXXXSP | a | | M37703E4BXXXSP 
M37703M2BXXXSP / | | 
M37703S1BSP | | M37702TB-HPD** 
M37703E2BXXXSP | | 
M37703M4BXXXSP 
M37703S4BSP 
M37703E4BXXXSP 
M37720S1FP 
M37720S1 AFP 
M37730S2FP - 
M37730S2AFP 

| M37730S2SP : ; . 
M37730S2ASP_ i ; | r 
M37730S2BFP 
M37730S2BSP 
M37732S4FP 
M37732S4AFP : 
-M37732S4BFP | | M37732TB- PDE | 


*%& Under development 














M37702T-HPD 





M37702TB-HPD** 





M37702T-HPD 











M37702TB-HPD** 
(Exchange MCU for M37702S4BFP) 





M37720T-HPD** 


_—— —- 








M37730T-HPD** 








M37730TB-HPD** 








M37732T- HPD** 
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Program writing adapter for built-in PROM type microcomputers of MELPS 7700 


Built-in PROM type Be 
; Program writing adapter 
. microcomputers type name 


M37702E2-XXXFP 
M37702E2AXXXFP PCA4774 
M37702E2BXXXFP 

M37702E2FS 

M37702E2AFS PCA4708 
M37702E2BFS 
M37702E4-XXXFP 
M37702E4AXXXFP PCA4774 
M37702E4BXXXFP 

M37702E4FS 

M37702E4AFS PCA4708 
M37702E4BFS 
M37703E2-XXXSP 
M37703E2AXXXSP 
M37703E2BXXXSP 
M37703E4-XXXSP 
M37703E4AXXXSP 
M37703E4BXXXSP 








PCA4709 
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FUNCTION CODE 


Mitsubishi integrated circuit may be ordered using the following simplified alphanumeric type-codes which define the func- 
tion of the IC/LSis and the package style. 


For Mitsubishi Original Products | 
Example: M 3 77 02 E 4 - 001 FP 


M : Mitsubishi integrated prefix 
3 : Represent an original single-chip microcomputer — 
Series designation using 2 digits 


Circuit function identification code using 2 digits 





Memory identification code using a digit | 
E = PROM P : Piggyback 
M : Mask ROM S : External ROM 
N : Mask ROM+EEPROM 
Memory size identification code using a digit 
Normally, using hyphen. 
When electrical characteristic, or division of quality identification 
code using alphanumeric character. | 
T : For automobile, industrial equipment 
Mask ROM number 
Package style 
f J+ 2 PLCC, or SOU package 
FP : Molded plastic flat package 





FS -: Ceramic flat package 
SP : Molded plastic shrink package 
SS : Ceramic shrink package 


PACKAGE CODE 


Package style may be specified by using the following simplified alphanumeric code. 


Example: 64 P. 4 B | 
Number of pins 
Package structure 
K: Glass-sealed ceramic 
P : Molded plastic 
S : Metal-sealed ceramic 
Package outline - 


0 : PLCC, SOJ 4: DIP 
1: DIP 6 : QFP 
2 : SOP 





Secondary outline code 


Special-purpose secondary codes describing outline are ‘included as yee. For 
coms contact your sales representative. | 





. 5 MITSUBISHI 
= = . . B ELECTRIC 


1.778 +0.25 


16.8+0.3 


3.05MAX 


MITSUBISHI MICROCOMPUTERS 


PACKAGE OUTLINES 


Dimension in mm 


19.05+0.3 


17.0+0.15 


5.5MAX 


2.8MIN 


Dimension in) mm 


14.0+0.2 
16.8+0.3 
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PACKAGE OUTLINES 





Ceramic 80pin LCC 


Dimension in mm 





21.040. 2 


15. 60. 2 


SHADDDDDONNN0N 00000000000 TANNIN | 


hse i, 


i i | | | 
ie 12. 020. 15 
18. 4040. 15 ; | 


1. 780. 2 
. 3. 32MAX 


Plastic 80pin QFP 


Dimension in.mm 





eB Use 





16. 840. 3. 








1—10 
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PACKAGE OUTLINES 


Dimension in mm ° 


100P6S Plastic 100pin QFP 


ic) 
_ 
oS 
28, 
LoD 
o 
© 


—0.02 


0.15+0.05 


20+0.2 0.6+0.2 
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS — 





INTRODUCTION — 

A system of letter symbols to be used to represent the 
dynamic parameters of intergrated circuit memories and 
other sequential circuits especially for single-chip micro- 
computers, microprocessors and LSls for peripheral 


circuits has been discussed internationally in the TC47 


of the International Electrotechnical Committee (IEC). 
Finally the IEC has decided on the meeting of TC47 in 
February 1980 that this system of letter symbols will be 
a Central Office document and circulated to all countries 
to vote which means this system of letter symbols will 
be a international standard. 

The system is applied in this LSI data book for the 
new products only. Future editions of this data book 
will be applied this system. The IEC document which 
describes ‘‘Letter symbols for dynamic parameters of 
sequential integrated circuits, including memories’ is 
introduced below. In this data book, the dynamic para- 


meters in the IEC document are applied to timing 


requirements and switching characteristics. 


2. LETTER SYMBOLS 


The system of letter symbols outlined in this document 
enables symbols to be generated for the dynamic para- 
meters of complex sequential circuits, including memo- 
ries, and also allows these symbols to be abbreviated to 
simple mnemonic symbols when no ambiguity is likely 
to arise. 


2.1. General Form 


The dynamic parameters are represented by the general 
symbol of the form:- | 


TA(BC—DC)F  eseceseeeee eerpiabsiuitecuscntiuier (1) 

where : 

Subscript A_ indicates the type of dynamic parameter 
being represented, for example; cycle 
time, setup time, enable time, etc. _ 

Subscript B_ indicates the name of the signal or terminal 
for which a change of state or level (or 
establishment of a state or level) con- 


stitutes a signal event assumed to occur 


first, that is, at the beginning of the time 
interval. If this event actually occurs last, 
that is, at the end of the time interval, 
the value of the time interval is negative. _ 

Subscript C indicates the direction of the transition 
and/or the final state or level of the signal 
represented by B. When two letters are 
used, the initial state or level | is also indi- 
cated. 


T=12 


‘Subscript D indicates the name of the signal or r terminal 
for which a change of state or level (or 
establishment. of a state or. level) consti- 
tutes a signal event assumed to occur last, 
that is, at the end of the time interval. If 
this event actually occurs first, that is, at 
the beginning of the time interval, the 
value of the time interval is negative. 

Subscript E indicates the direction of the transition 
and/or the final state or level of the signal | 
represented by D. When two letters are 
used, the initial state or level is also indi- 
cated. . 

Subscript F indicates additional information such as 
mode of operation, test conditions, etc. 


Note 1: Subscripts A to F may each consists of one or more letters. 


2: Subscripts D and E are not used for transition times. 

3: The ““—"’ in the symbol (1) above is used to indicate ‘‘to’’; hence the sym- 
bol represents the time interval from signal event B occuring: to signal 
event D occuring, and it is important to note that this convention is used 
for all dynamic parameters including hold times. Where no misunder- 
stariding can occur the hyphen may be omitted. 


- 2.2. Abbreviated Form 


The general symbol given above may be abbreviated 
when no misunderstanding is likely to arise. For example 
to: 


ta(B—p) 
or tai) 
or ta(p) — often used for hold times 
or tar — no brackets are used in this case 
or Ta. | 


or tgc—peE — often used for unclassified time 
intervals 


2.3. Allocation of Subscripts | 


In allocating letter symbols for the subscripts, the most 
commonly used subscripts are given single letters where 
practicable and those less commonly used are designated 
by up to three letters. As far as possible, some form of. 
mnemonic representation is used. Longer letter symbols 
may be.used for specialised signals or terminals if this 
aids understanding. 


3. SUBSCRIPT A 


(For Type of Dynamic Parameter) 


The subscript A represents the type of dynamic para- | 
meter to be designated by the symbol and, for memo- 


ries, the parameters may be divided into two classes : 


a) those that are timing requirements for the memory 
and 
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b) those that are characteristics of the memory. Erasure ER 
The letter symbols so far proposed for memory circuits Output enable ' G 
are listed in sub-clauses 3.1 and 3.2 below. Program , PR 
All subscripts A should be in lower-case. Data output 0 

Read R 
3.1. Timing Requirements Row address RA 
The letter symbols for the timing requirements of semi- Row address strobe RAS 
. Refresh RF 
conductor memories are as follows:: 
Read/Write RW 
Term Subscript Chip select S 
Cycle time 2 Write (write enable) W 
: ; : Note 1: In the letter symbols for time intervals, bars over the subscripts, for ex- 
Time interval between two signal events d SAABNSCIS SHOU AGERE CE: 
Fall time f 2. It should be noted, when further letter symbols are chosen, that the sub- 
Hold time h script should not end with H, K, V, X, or Z. (See clause 5) 

: , 3: If the same-terminal, or signal, can be used for two functions (for example 
Precharging time pe Data input/output, ReadMWrite) the waveform should be labelled with the 
Rise time r dual function, if appropriate, but the symbols for the dynamic parameters 
Recovery time rec should include only that part of the subscript relevant to the parameter. 
Refresh time interval rf 5. SUBSCR 
Setup time su . IPTS C AND E 
Tisieniane : (For Transition of Signal) 

Pulse duration (width) Ww The following symbols are used to represent the level! or 
state of a signal : 

3.2. Characteristics Transition of signal _ Subscript 
The letter symbols for the dynamic characteristics of High logic level H 
semiconductor memories are as follows : Low logic level - L 

mee ; Valid steady-state level (either low or high) V 
Characteristic Subscript ae : 
Unknown, changing, or ‘don’t care’ level xX 
Access time SO | a High-impedance state of three-state output 2 
Disable time dis ; : bedeey 

; The direction of transition is expressed by two letters, 
Enable time en : . ; 

; ‘ . the direction being from the state represented by the 
Propagation time P , ; 

: ; first letter to that represented by the second letter, with 
Recovery time rec eras b 
ae : 7 _ the letters being as given above. 
Transition time T a j 

Be ae When no misunderstanding can occur, the first letter 
Valid time V 


‘may be omitted to give an abbreviated symbol for sub- 
scripts C and E as indicated below. | 
All subscripts C and E should be in upper-case. 


Note: Recovery time for use as a characteristic is limited to sense recovery time. 


4. SUBSCRIPTS B AND D 


| : : Subscript 
(For Signal Name or Terminal Name) 
The letter symbols for the signal name or the name of __ Examples Full Abbreviated 
the terminal are as given below. Transition from high level to 
All subscripts B and D should be in upper-case. low level HL L 
: Transition from low level to 
Signal or terminal Subscript — high level | LH H 
2) Transition from unknown or 
Address A changing state to valid state — XV V 
Clock | Cc Transition from valid state to 
Column address CA | unknown or changing state VX X 
Column address strobe CAS : Transition from high-impedance : 
Data input —  O state to valid state LV V 
Data input/output Da Note: Since subscripts C and E may be abbreviated, and since subscripts B and D 


may contain an indeterminate number of letters, it is necessary to put.the 
Chip enable . E restriction on the subscripts B and D that they should not end with H, L, 
, V,X, or Z, so as to avoid possible confusion. 
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6. SUBSCRIPT F (For Additional Information) 


If necessary, subscript F is used to represent any addi- 
tional qualification: of the parameter such as mode of 
operation, test conditions, etc. The letter symbols for 
subscript F are given below. 

Subscript F should be in upper-case. 


aaah, 


Modes of operation Subscript 
Power-down PD 
_Page-mode read PGR 

Page-mode write PGW 
Read R 
Refresh RF 
Read-modify-write RMW 
Read-write RW 
Write W 
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FOR DIGITAL INTEGRATED CIRCUITS 





IpB(av) 







loc 


loc(av) 












lec(pp) 
lbp 
Ipp(av) 
lac 


laa(av) 










tata) ta(an) 
ta(cas) 
tae) ta(ce) 
ta(a) ta(oe) - 
ta(pr) 
ta(ras) 
ta(s) ta(cs) 
tc(RD) 
tc(REF) 
| tera) 
tecamw) 
tocwr) 


Input capacitance 

Output capacitance 

Input/output terminal capacitance 
Input capacitance of clock input 


Frequency 


‘Clock frequency 


Current—the current into an integrated circuit terminal is defined as a positive value and the current out of a terminal is defined as a negative value 
Supply current from Veg . 
Average supply current from Veg 
Supply current from Voc 
Avarage supply current from Voc 
Power-down supply current from Voc 
Supply current from Vop 
Average supply current from Vpp 
Supply current from Veg 
Average supply current from Veg 
Input current 
High-level input current—the value of the input current when Voy is applied to the input considered 
Low-level input current—the value of the input current when Vo, is applied to the input considered 
High-level output current—the value of the output current when Vou is applied to the output considered 
Low-level output current—the value of the output current when Vo, is applied to the output considered 
Off-state(high-impedance state) output current—the current into an output having a three-state capability with input condition so applied that 
it will establish according to the product specification, the off(high-impedance) state at the output 
Off-state( high-impedance state) output current, with high-level voltage applied to the output 
Off-state(high-impedance state) output current, with |jow-level voltage applied to the output 
Short-circuit output current 
Supply current from Vss 
Power dissipation 
Number of erase/write cycles 
Number of read access unrefreshed 
Input resistance 
External load resistance 
Off-state output resistance 
On-state output resistance 
Access time—the time interval between the application of a specified input pulse during a read cycle and the availability of valid data signal at an output 
Address access time—the time interval between the application of an address input pulse and the everany of valid data'signals at an output 
Column address strobe access time 
Chip enable access time 
Output enable access time 
Data access time after program 
Row address strobe access time 
Chip select access time 
Cycle time 
Read cycle time—the time interval between the start of a read cyice and the start of the next cycle 
Refresh cycle time—the time interval between successive signals that are intended to restore the level in a dynamic memory cell to its original level 
Page-mode cycle time 
Read-modity-write cycle time—the time interval between the start of a cycle in which the memory is read and new data is entered, and the start of 
the next cycle | 


Write cycle time—the time interval between the start of a write cycle and the start of the next cycle 
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New symbol | Former symbol |’ 


td 
td(@) 
td(cas-ras) 
tdicas-w) 
td(ras-cas) 
td(ras-w) 
tdis(r-o) 
tdis(s) 
tdiscw) 
toHL 
toLy 
ten(a-a) 
ten(r-a) 
ten(s-a) 
tf 
th 
thia) 
thie) 
th(a-PR) 
thicas-ca) 
thicas-p) 
thicas-a) 
thicas-ras) 
thicas-w) 
thio) 
th(p—pr) 
the) 
th(e-p) 
th(e-c) 
thir) 
thcras-ca) 
thcras-cas) 
thinas-o) 
th(ras-w) 
this) 
thiw) 
th(w-cas) 
| thcw-p) 
thiw-Ras) 
teu 
tei 
tr 
treciw) 
trec(pp) 


-tsu 


tgu(a) 
tsu(a-£) 
| tsu(a-w) 


tsu(ca-Ras) 











tdicas wr) 


td(Ras-wr) 
tdis(R-pa) 
texz(cs) 


tpxz(wr) 


tpzv(a-DQ) 


tpzv(R-pa@) 


- tpzx(cs-pa) 


th(ap) 
th(ap-ce) 


th(ap-pRo) 


th(cas-pa) 


th(cas-ouT) 


thicas-wr) 
thipa) 
thipa-PRo) 
thice) 
thice-pa) 
thice-oE) 


thirD) 


thcRAs-DA) 


th(Ras-wr) 


-thics) 


thiwr) 
thiwr-cas) 
th(wr-pa) 


thiwr_-Ras) 


tr(pp) 


tsu(ap) 
tsu(apD-cE) 


tsu(ap-wr) 











Parameter—definition 


Delay time—the time between the specified reference points on two pulses 
Delay time between clock pulses—e.g., symbology, delay time, clock 1 to clock 2 or clock 2 to clock | 


Delay time, column address strobe to row address strobe 


Delay time, column address strobe to write 


Delay time, row address strobe to column address strobe 


Delay time, row address strobe to write 


Output disable time after read 
Output disable time after chip select . 
Output disable time after write 


High-level to low-level delay time | the time interval between specified reference points on the input and on the output pulses when the output is 


Low-level to high-level delay time | going to the low (high)level and when the device is driven with a specified loading networks 


Output enable time after address 

Output enable time after read 

Output enable time after chip select 

Fall time 

Hold time—the interval of time during which a signal at a specified input terminal appears after an active transition occurs at another specified input terminal . 
Address hold time 

Chip enable hold time after address | 

Program hold time after address 

Column address hold time after column address strobe 
Data-in hold time after column address strobe 

Data-out hold time after column address strobe 

Row address strobe hold time after column address strobe 
Write hold time after column address strobe | 
Data-in hold time | 

Program hold time after data-in 

Chip enable hold time 

Data-in hold time after chip enable 

Output enable hold time after chip enable 

Read hold time 

Column address hold time after row address strobe 
Column address strobe hold time after row address strobe: 
Data-in hold time after row address strobe 

Write hold time after row address strobe 


Chip select hold time ; : ‘ 


' Write hold time 


Column address strobe hold time after write 

Data-in hold time after write 

Row address hold time after write . 

the time interval between specified reference points on the input and on the output pulses when the 


output is going to the low (high) level and when the device is driven and loaded by typical devices 
of stated type : 


High-level to low-level propagation time: 
Low-level to high-level propagation time 


Rise time 


Write recovery time—the time interval between the termination of a write pulse and the initiation of a new cycle 


Power-down recovery time 


' Setup time—the time interval between the application of a signal which is maintained at a speciifed input terminal and a consecutive active 


__tarnsition at another specified input terminal 
Address setup time | . | 
Chip enable setup time before address 

Write setup time betora address 


Row address strobe setup time before column address 





“TAG 
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New symbol | Former symbol Parameter—definition 






tsu(p) 








tsu(p-e) 
tsu(p-w) 


tsu(e) 









tsu(e-p) 
tsu(G-e) 
tsu(P-e) 
tsu(pp) 

tsu(r) 


tsu(R-cas) 








tsu(Ra-cas) 


tsu(s) 









tsu(s-w) 


tsu(w) 





tHe 


tH 








tia) 
tv(e) 


tv(—)PR 

























twa) © 
tv(pr) 


tvs) 





tw 


twie) 





tw(eH) 








tw(EL) 


tw(pR) 








tw(r) 





tw(s) 


twiw) 








| twig) 
Ta 


Topr 





Tstg 
Ves 
Voc 
Vop 


Vac 








tw(CEH)’ 


tsu(pa) 






tsu(pa-cE) 
tsu(Da-wr) 
tsu(ce) 


tsu(cE-P) 






tsu(oE-cE) 


tsu(p-cE) 






tsu(rb) 


tsu(RA-cAs) 


tsu(cs) 





tsu(cs-wr) 


tsu(wr) 


tdv(ap) 







tdvice) 


tv(ce)PR 


tv(oe) 


tyes) 


twice) 


tw(eL) 


twcrp) 


twics) 


twiwr) 


Data-in setup time 

Chip enable setup time before data-in 

Write setup time before data-in 

Chip enable setup time 

Precharge setup time before chip enable 

Chip enable setup time before output enable 
Chip enable setup time before precharge 
Power-down setup time 

Read setup time 

Column address strobe setup time before read 
Cloumn address strobe setup time before row address 
Chip select setup time 

Write setup time before chip select 

Write setup time 


High-level to low-level transition time the time interval between specified reference points on the edge of the output pulse when the output is 


going to the low(high)level and when a specified input signal is applied through a specified network and 


Low-level to high-level transition time the output is loaded by another specified network 


Data valid time after address 

Data valid time after chip enable 

Data valid time after chip enable in program mode 

Data valid time after output enable 

Data valid time after program 

Data valid time after chip select | 

Puise width (pulse duration)the time interval between specified reference points on the leading and training edges of the waveforms 
Chip enable pulse width 

Chip enable high pulse width 

Chip enable low pulse width 

Program pulse width 

Read pulse width 

Chip select pulse width 

Write pulse width 

Clock pulse width 

Ambient temperature 

Operating temperature 

Storage temperature 

Vee supply voltage 

Voc supply voltage 

Vpp supply voltage 

Vac supply voltage 

Input voltage 

High-level input voltage—the value of the permitted high-state voltage at the input 
Low-level input voltage—the value of the permitted low-state voltage at the input. 

Output voltage 

High-level output voltage —the value of the guaranteed high-state voltage range at the output 
Low-level output voltage—the value of the guaranteed low-state voltage range at the output 


Wess supply voltage 
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7 INTRODUCTION 

IC & LSI have made rapid technical progress in ‘electrical 
performances of high integration, high speed, and sophisti- 
cated functionality. And now they have got boundless wider 
applications in electronic systems and electrical ap- 
pliances. . 

To meet the above trend of expanding utilization of IC & 
LSI, Mitsubishi considers that it is extremely important to 
supply stable quality and high reliable products to cus- 
tomers. | tn 2g 


Mitsubishi Electric places great emphasis on quality as a 


- basic policy “Quality First”, and has striven always to im- 
prove quality and reliability. 

Mitsubishi has already developed the Quality Assurance 
System covering design, manufacturing, inventory and de- 
livery for IC & LSI, and has supplied highly reliable pro- 
ducts to customers for many years. The following articles 
describe the Quality Assurance System and examples of 
reliability control for Mitsubishi eae chip 16-bit Micro- 
computer. 


2. QUALITY ASSURANCE SYSTEM 


The Quality Assurance System places emphasis on built-in 7 


reliability in designing and built-in quality in manufacturing: 


The System from development to delivery is summarized in 


ces 1 


2.1 Quality” Rasubance: in Designing 

The following steps are applied in the designing stage fora 

new product. 

(1) Setting of perfomance, quality and reliability target for 
new product. 


(2) Discussion of performance and quality for circuit de- 


sign, device structure, process, material and package. 

(3) Verification of design by CAD system to meet standar- 
dized design rule. © 

_ (4) Functional evaluation for bread- board device to confirm 

electrical performance. 

(5) Reliability evaluation for TEG (Test Element Group) 
chip to detect basic failure mode and investigate fai- 
lure mechanism. 


(6) Reliability test (In-house qualification) f for new proanes 


~ to confirm quality and reliability target. © 
(7) Decision of pre-production from the standpoint of per- 
. formance, reliability, production flow/conditions, pro- 
duction capability, delivery etc. 


2.2 Quality Assurance in Manufacturing 
Quality assurance in manufacturing is performed as follows. 
(1) Environment contro! such as temperature, humidity and 

dust as well as deionized water and utility gases. 

(2) Maintenance and calibration control for automatized 


manufacturing equipments, - automatic testing equip- 


ments, and measuring instruments. 


Table 1 


. Solderability este: 5sec. Rosin flux 


(3) Material control such as silicon wafer, lead frame, 
packaging material, mask and chemicals. 

(4) In-process inspections in wafer-fabrication, assembly 
and testing. 

(5) 100% final inspection of electrical characteristics, 


visual inspection and. burn-in, if necessary. 


(6) Quality assurance test 


-Electrical characteristics and visual inspection, lot by 
lot sampling | 

-Environment and endurance test, periodical sampling. 
(7) Inventory and shipping control, such as storage en- 
. vironment, date code identification, handling and ESD 

(Electro Static Discharge) preventive procedure. 


2.3 Reliability Test 


To verify the reliability of a product as described in the Mit- 
subishi Quality Assurance System, reliability tests are per- 


‘formed at three different stages in new product develop- 
~ment, pre-production and mass-production. | | 


At the development of a new product the reliability test 
plan is fixed corresponding to the quality and reliability 
target of each product, respectively. The test plan includes 
in-house qualification test and TEG evaluation, if necessary. 
TEG chips are designed and prepared for new device 
structure, new process and new material. 

After the proto-type product has passed the in- -house qual- 
ification test, the product advances to the pre-production. In 
the pre-production stage, the specific reliability tests are 
programmed and performed again to verify the quality of 
pre-production product. os 

In the mass production, the reliability tests are performed 
periodically to confirm the quality of the mass production 
product according to the quality assurance test program. 
Table 1 shows an example of reliability test program for 
plastic encapsulated IC & LSI. 


TYPICAL RELIABILITY TEST PROGRAM 
FOR PLASTIC ENCAPSULATED IC & LSI 

















Temal shook | 556, 1250, Tyten | 
: 
| 20G, 100~2000Hz 

X, Y,.Z direction. 

| 4min./cycle, 4cycles/direction | 
Ta=125C, Veemax 
1000hours 









Vibration 








Constant acceleration 








Operation life 













High temperature 
storage life 







Ta= 150°C, 1000hours | 









High temperature and . 
high humidity . 
Pressure cooker — 







85°C , 85%, 1000hours 


121°, 100%, 100hours 
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STAGE MARKET SALES 


MARKET SURVEY 
i STRATEGIC PRODUCT PLAN 


r) YE OCP ‘ 
Eee 
HARACTERIZATION 





























DESIGN/ QUALITY - PRODUCTION 
PRODUCTION MANUFACTURING 
ENGINEERING ASSURANCE CONTROL 










kK 
= 
Lu 
= 
a. 
O 
— 
uw 
> 
WwW 
a) 
~~ 
z 
2 
Y 
Ww 
O 


QUALIFICATION (1) 


Po a! 
DECISION OF PRE-PRODUCTION 


PREPARATION | 
OF SPECS./ 
INSTRUCTION 


PRE-PRODUCTION 











QUALIFICATION (2) 


: DECISION OF MASS PRODUCTION 


Cary, 





MATERIAL 
INCOMING 
TEST 


=a 





MASS PRODUCTION- 
IN-PROCESS 
QUALITY CONTROL 


ASSURANCE TEST 
O 


QUALITY DATA/FAILURE ANALYSIS/QUALITY 


IMPROVEMENT 
ORDER INVENTORY 
—— CONTROL 
ar as 
9 | ge |i 
C 


RETURNED PRODUCT 
FAILURE ANALYSIS/CORRECTIVE ACTION fl 





ENVIRONMENTAL CONTROL 


—_ D0 Cum nt Contro_- 


DELIVERY 





~———— EQUIPMENT AND CALIBRATION CONTROL 


ings 








CUSTOMERS 


FAILURE ANALYSIS REPORT GENERATION 






0 TRAINING RA 


Se ee AL GROUP ACTIVITY (QC CIRCLE) 





—e FLOW OF PRODUCT Me 3, ——> FLOW OF INFORMATION 


Fig.1 FLOW CHART OF QUALITY ASSURANCE SYSTEM 
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24 Returned Product Control generated to the customer upon completion.of the analysis. 
When failure analysis is requested by a customer, the The failure analysis result enforces taking corrective action © 
failed devices are returned to Mitsubishi Electric via the for the design, fabrication, assembly or testing of the pro- 
sales: office of Mitsubishi using the form of “Analysis Re- duct to improve reliability and realize lower failure rate. 
quest of Returned Product” Figure 2 shows the procedure of returned product control 
Mitsubishi provides various failure analysis equipments to from customer. : 

analyze the returned product. A failure analysis report is | | 


RETURNED PRODUCT 


ISSUE ANALYSIS REQUEST 
FOR RETURNED PRODUCT | | 


FAILURE ANALYSIS 


fey a pee ee pe AP hee Oe iG ah Steere cig OTe, “| 


VISUAL INSPECTION 
ELECTRICAL 
CHARACTERISTICS TEST 
7 CLASSIFICATION OF \ 
FAILURE MODES 
z oa 


ACCEPTANCE 








EJECTIO 


SIMULATION TEST 


INTERNAL VISUAL: 
INSPECTION 
ELECTRICAL CHIP ANALYSIS 
CHARACTERISTICS TES 
REJECTION | 


— [ACOEPTANCE) petra: eee ee 


— oe eee eee ewe eee eee eee eee cee eee ee eee eee eee 





CONFIRMATION OF pel 
FAILURE CAUSE sy 


INVESTIGATION OF CAUSE outa trad SAGO E Re NEEOAD 






REPORT 
GENERATION 






PRELIMINARY 
~ CORRECTIVE ACTION ~ 













CONFIRMATION 


OF QUALITY NO GO . 





REPORT TO 
CUSTOMER 


Fig.2 PROCEDURE OF RETURNED PRODUCT CONTROL | 7 _ te # 
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3 RELIABILITY TEST RESULTS 

The reliability test results for Mitsubishi Single-chip 16-bit 
Microcomputers are shown in Table 2. a 

Table 2 shows the result of endurance tests of high temper- 


ature operation life and high temperature storage life test 
and the results of the environment tests of thermal stress, 
high temperature/high humidity and pressure cooker test 
for the single-chip 16-bit Microcomputer. _ 


Table 2 ENDURANCE and ENVIRONMENTAL TEST RESULTS 


M37702M2BXXXFP 
M37702M4BXXXFP 
M37703M4BXXXSP 
M37720S1AFP 
M37730S2BFP 
M37730S2BSP 
M37732S4BFP 
M37702E2AXXXFP 
M37703E4AXXXSP 


















High Temperature 
Operation Life 





MELPS 7700 









High Temperature MELPS 7700 
Storage Life 






ditto 


M37702M2BXXXFP 
M37702M4BXXXFP 
M37703M4BXXXSP 










High Temperature ° M37720S1AFP 
High Humidity Lite | MELPS 7700 M37730S2BFP 
| M37730S2BSP 

M37732S4BEP 





M37702E2AXXXFP 
M37703E4AXXXSP 


MELPS 7700 ditto 





Temperature «| MEPS 7700 
Cycling 


Low Temperature M37702M2BXXXFP 
Storage Life Mero en M37702E4AXXXFP ; Se 


: Number of ( 


ae Number of | Device Hours} Number of 
Test Condition 
Samples (Hours) Failures 


198 200000 


1250 7V 




















=55C 44 88000 












85°C85%RH 
9. 5V 













200000 
















Number of Failures 
12ic100~RH_ | 198 | | 


Number of Number of Failures 
Samples 10Cycles 100Cycles 


—65C 30min 
150°C 30min 
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4 FAILURE ANALYSIS 


Accelerated reliability tests are applied to observe failures 
casued by temperature, ‘voltage, ‘humidity, current, mecha- 
nical stress and those combined stresses on chips ang 
packages. 
Examples of typical failure modes are shown below. 
(1) Wire Bonding Failure by Thermal Stress | 
Figure 3, Figure 4 and Figure 5 are examples of a fai- 
lure occured by high’ temperature storage test of 225C, 
1000hours. 
Au-Al intermetallic formation, so-called “Purple 
plague” by thermal overstress makes Au wire lift off 
from aluminum metallization. The activation energy of 
this failure mode is estimated at approximately 1.0eV. 
and no failure has been observed so far in practical | 


uses. 





Fig.6 
Micrograph of corroded 
- Aluminum metallization 





Fig.3 
Micrograph of lifted Au ball trace 
on Al bonding pad 





Fig.7 Enlarged micrograph of corroded 
Aluminum bonding pad 


Oe 


Soninawens 





Fig.4 7 Fig.5 
Au-Al plague formation Lifted Au wire ball base 
on bonding pad 


(2) Aluminum Corrosion Failure by Temperature/Humidity 
Stress. 
Figure 6, Figure 7 and Figure 8 are examples of cor- 
roded failure of aluminum metallization of plastic en- 
capsulated IC after accelerated temperature/humidity 
storage test (pressure cooker test) of 1217, 100%RH, 
-1000hours duration. 
Aluminum bonding pad is dissolved by penetrated wa- 
ter from plastic package, and chlorine concentration is 
observed on corroded aluminum bonding pad as Snowe 
in Figure 8. 





~ Fig. 8. Cl distribution on corroded Aluminum . 
| bonding pad | 





__ MITSUBISHI 


tee ELECTRIC 





MITSUBISHI MICROCOMPUTERS 


QUALITY ASSURANCE AND RELIABILITY TESTING 





(3) Destructive Failure by Electrical Overstress 
Surge voltage marginal tests have been performed to 
reproduce the electrical overstress failure in field uses. 
Figure’ 9 and Figure 10 are examples of failure 
observed by surge voltage test. The trace of destruc- 
tion is verified as the aluminum bridge by X-ray micro 
analysis. 





Micrograph of surge 
volggs destruction. 
URAC ESS OF. 





“SO wa 


Fig. Tr Aluminum Gace o of ) 
destructive spot 


(4) Aluminum Electromigration 
Figure 11 shows an open circuit of aluminum metalliza- 
— tion-in high current density region caused by acceler- 
ated operation life test. This failure is due to aluminum 
- electromigration. Voids and hillock have been formed 
in aluminum metallization by high current density op- 
eration. | 





Voids and hillocks formation 
by Aluminum electromigration 


Fig.11 


5 SUMMARY 

The Mitsubishi quality assurance system and examples of 

reliability control have been discussed. The customer's in- 

terests and requirements for high reliability 1C & LSI are in- 
creasing significantly. To satisfy customer’s expectancy. 

Mitsubishi as an IC vendor, would like to make perpetual 

efforts in the following areas. | 

(1) Emphasis on built-in reliability at design stage and re- 
liability evaluation to investigate latent failure modes 
and acceleration factors. 

(2) Execution of periodical endurance, environment and 
mechanical test to verify reliability target and realize 
higher reliability. | 

(3) Focus on development of advanced failure analysis 
techniques. Detail failure analysis, intensive corrective 
action and quick response to customer's analysis re- 
quest. 

(4) Collection of customer's quality data in qualification, in- 
coming inspection, production and field use to improve 
PPM, fraction defective and FIT, failure rate. 

Mitsubishi would highly appreciate if the customer would 

provide quality and reliability data of incoming inspection or 

field failure rate essential to verify and improve the quality/ 
reliability of IC & LSI. 
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_MITSUBISHI MICROCOMPUTERS 


PRECAUTIONS IN HANDLING Mos IC/LSIs 





A MOS transistor has a very thin oxide insulator under the 
gate electrode on the silicon substrate. It is operated by 
altering the conductance (g,,) between source and drain to 
control mobile charges in the channel formed by the 
applied gate voltage. | , 
If a high voltage were applied to a gate terminal, the 
insulator-film under the gate electrode could be destroyed, 
and all Mitsubishi MOS IC/LSIs contain internal protection 
circuits at each input terminal to prevent this. It is inherent- 
ly necessary to apply reverse bias to the P-N junctions of a 
MOS IC/LSI. | | 
Under certain conditions, however, it may be fapessibls 
to completely avoid destruction of the thin insulator-film due 


to the. application of unexpectedly high voltage or thermal 


destruction due to excessive current from a forward biased 
P-N junction. Therefore the following recommendations 
should be followed in handling MOS devices. 


1. KEEPING VOLTAGE AND CURRENT TO 
EACH TERMINAL BELOW MAXIMUM 
RATINGS 


1. The of operating conditions 
provide adequate safety margins. Operating within these 


recommended ranges 
limits will assure maximum equipment performance and 
quality. 

2. Forward bias should not fhe applied to any terminal since 
excessive current may cause thermal destruction. 


3. Output terminals should not be connected directly to 


the power supply. Short-circuiting of a terminal to a 
power supply having low impedance may cause burn-out 
of the internal leads or thermal destruction due to 
excessive current. | 


2. KEEPING ALL TERMINALS AT THE 


SAME POTENTIAL DURING TRANSPORT | 


AND STORAGE 


When MOS IC/LSIs are not in use, both input and output 


terminals can be in a very high impedance state so that they 
are easily subjected to electrostatic induction from AC. 


fields of the surrounding space or from charged objects 
in their vicinity. For this reason, MOS IC/LSIs should be 
protected from electrostatic charges while being transported 
and stored by conductive rubber foam, aluminum foil, 
‘shielded boxes or other protective precautions. 


3. KEEPING ELECTRICAL EQUIPMENT, 
WORK TABLES AND OPERATING 
PERSONNEL AT THE SAME POTENTIAL 


1. All electric equipment, work table surfaces and Operat- 


ing personnel should be grounded. Work tables should 


be covered with copper or aluminum plates of good 


conductivity, and grounded. One method of grounding 


personnel, after making sure that there is no potential 


difference with electrical equipment, is by the use of a 
wristwatch metallic ring, etc. attached around the wrist 


- and grounded in series with a 1M QQ resistor. Be sure that 


. Current 


the grounding meets national. ‘regulations on personnel 
safety. 

leakage from electric equipment must be 
prevented not only for personnel safety, but also to 
avert the destruction of MOS IC/LSIs, as described 
above. Items such as testers, curve-tracers and synchro- 
scopes must be checked for current leakage before being 
grounded. | 


PRECAUTIONS FOR MOUNTING OF 
MOS IC/LSIs 


. The printed wiring lines between input and output ter- 


minals of MOS IC/LSIs should not be close to or parallel 
to high-voltage or high-power signal lines. Turning pow- 
er on while the device is short-circuited, either by a sol- 
der bridge made during assembly or by a probe during 
adjusting and testing, may cause maximum ratings to be 
exceeded, which can result in the destruction of the 


_ device. 


. When input/output, or input and/or output, terminals | 


of MOS IC/LSIis (now open-circuits) are connected, 
we must consider the possibility of. current leakage and 
take precautions similar to §2 above. To reduce such 


- undesirable trouble, it is recommended that an interface 


circuit be inserted at the input or output terminal, or a 
resistor with a resistance that does. not exceed the 
output driving capability of the MOS IC/LS! be inserted 


_ between the power supply and the ground. 


. A filter circuit should be. inserted ‘in the AC power 


supply line to ‘absorb: surges which can frequently be 
strong enough to destroy a MOS IC/LSI. 


. Terminal connections should be made as described in the 


catalog while being careful to meet specifications. 


. Ungrounded metal: plates: should not be placed near 


input or output terminals of any MOS IC/LSIs, since 
destruction of the insulation may result if they become 
electrostatically charged. , 


. Equipment cases should provide shielding from electro- 


static charges for more reliable operation. When.a plastic 


case is used, it.is desirable to coat the inside of the case 


with conductive paint and to ground it. This is considered _ 
necessary even for battery-operated equipment. | 
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M37702M2-XXXFP,M37702M2AXXXFP 
M37702M2BXXXFP,M37702S1FP 
M37702S1AFP,M37702S1BFP 





DESCRIPTION | 

The M37702M2-XXXFP_ is a single-chip microcomputers 
designed with high-performance CMOS silicon gate tech- 
nology. This is housed in a 80-pin plastic molded QFP. This 
single-chip microcomputer has a large 16M bytes address 
space, three instruction queue buffers, and two data buffers 
for high-speed instruction execution. The CPU is a 16-bit 
parallel processor that can also be switched to perform 8- 
bit parallel processing. This microcomputer is suitable for 
office, business, and industrial equipment controller that re- 
quire high-speed processing of large data. 

The differences between M37702M2-XXXFP, M37702M2A 
XXXFP, M37702M2BXXXFP, M37702S1FP, M37702S1AFP 
‘ and M37702S1BFP are the ROM size and the external 
clock input frequency as shown below. Therefore, the fol- 
lowing descriptions will be for the M37702M2-XXXFP un- 
‘less otherwise noted. 


ROM size 
16K bytes 
16K bytes 
16K bytes 
External 


External clock input frequency 
8 MHz 
16MHz 
25MHz 
8 MHz 
16MHz 


Type name 
M37702M2-XXXFP 
M37 702M2AXXXFP 











M37702M2BXXXFP| 
M37702S1FP 

M37702S1AFP 
M37702S1 BFP 














External 








External 


FEATURES 

@ Number of basic instructions:::::e:crecee etree eee 103 

@ Memory size ROM ssiee Tvgduatentedeaenesempents 16K bytes 
RAM -rreereertteet retentions 512 bytes 


@ Instruction execution time 
M37702M2-XXXFP, M37702S1 FP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





PIN CONFIGURATION (TOP VIEW) 


«> P77/AN7/ADtre 


— P72/ANo 
— P73/AN3 
= P74/AN4 
+> P75/ANs 
— P756/ANe 


3 | 
[<e} 
sl 
oO 


+> P8,/CTS,/RTS, 
+> P8./CLK, 
+> P86 /RxD, 
+> P87/TD, 


P7o/ANo +> LL 
P67/TB2iy + 
P6,_/TB1\n +> 
P6s/TBOy +> [4 

P6,/INT> + 

P6,/INT, + [6] 

P62/INTp +> 
P6,/TA4in +> L8] 
P6g/TA4qut +* 9 | 
P57/TASin 
PS6/TA3 qu + 

P5</TA2) 
P5q/TNout 

P5a/TAliy + 
PSo/TM our +> 

P5,/TAQ in +> 


> P1,/Ag/Dg 
> P15/Aj9/Di9 
+> P13/A4/D44 


djdlSc0ZZtw 
JO 
dAjvVlScOZZEw 
JO 
djalScOLZZew 
JO 
ddXXxXdcWc0ZZEWN 
d4aXXXVCWCOLZEW 
d4xXxXX-cWZOZZEW 





PSo/TAQour +* 
P4-/DBC* + 
P4,/VPA* +> 
P4;/VDA* +> 
P4,/QCL* +> 
P4,/MX* «> 
P4,/d4 +> 
P4,/RDY +> 


Nh 
ol 


P49/HOLD + 


33 | 
ww 
w 
&3 
w 
Oo 
w 
[S| 
W 
Si] 
w 
co 
w 
wo 


P32/ALE +> 

P3,/BHE + 

P39/R/W +> 
P27/A23/D7 + 
P24/A29/D4 +> & 


P25/A21 /Ds — 


P33/HLDA <> 
P26/Aos2/Deg > 


Outline 80P6N 


*: Used in the evaluation chip mode only 





+> P14/Ay0/Dy2 
> P15/A;3/D13 
+> P1¢/Ay4/Dy4 
> Ptr/Ays/Dis 
+> P2o/A16/Do 
+> P2,/Ay7/Dy 
+> P2./A13/D2 
++ P2s/Arq/Ds 





(The fastest instruction at 8MHz frequency) -------- 500ns 
M37702M2AXXXFP, M37702S1AFP | APPLICATION 
(The fastest instruction at 16MHz frequency)::---- 250ns Control devices for office equipment such as copiers, prin- 
M37702M2BXXXFP, M37702S1 BFP ters, typewriters, facsimiles, word processors, and personal 
(The fastest instruction at 25MHz frequency) :*:"::: 160ns computers . 
@ Single power supply ::::::-::*: a a a ae 5V+10% Control devices for industrial equipment such as ME, NC, 
@ Low power dissipation (at 8MHz frequency) communication and measuring instruments. 
eekeaeir chephedmmumusde cer 30mW (Typ.) : 
e@ Interrupts COCO ee ome remem erred ane eed ereeeereeerenees 19 types 7 levels 
@ Multiple function 16-bit timer ::----- eee 5+3 
@ UART (may also be synchronous) o ibrovare aioe ls: waded BAtNS ia eSo ated 2 
@ 8-bit A-D Converter --::--:-1 rrr rrr 8-channel inputs 
@ 12-bit watchdog timer 
@ Programmable input/output 
(ports PO, P1, P2, P3, P4, P5, P6,.P7, P8) <r 68 
YY MITSUBISHI 2—3 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


.M37702M2BXXXFP,M37702S1FP 
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FUNCTIONS OF M37702M2-XXXFP 


Parameter Functions 








Number of basic instructions 











M37702M2-XXXFP, M37702S1FP 500ns (the fastest instructions, at 8MHz frequency) 


Instruction execution time M37702M2AXXXFP, M37702S1 AFP 250ns (the fastest instructions, at 16MHz frequency) 
M37702M2BXXXFP, M37702S1BFP 160ns (the fastest instructions, at 25MHz frequency) 


16K bytes 
Memory size 
512 bytes 
PO~P2, ponte. Pere 8 -bitX 8 
Input/Output ports 
PS 4 -bitX 1 


TAO, TA1, TA2, TAS, TA4 16-bitX 5 
Multi-function timers 
TBO, TB1, TB2 16-bitX 3 


Serial 1/0 (UART or clock synchronous serial I/O) X2 
A-D converter 8 -bitX 1 (8 channels) 


Watchdog timer - 12-bitX 1 


3 external types, 16 internal types 
(Each interrupt can be set the priority levels to 0 ~ 7.) 








interrupts 








Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz: crystal resonator) 
Supply voltage 5 V+10% 
Power dissipation - 30mW(at external 8 MHz frequency) 


























Input/Output voltage 











Input/Output characteristic 
Output current 








Memory expansion Maximum 16M bytes 








Operating temperature range | —20~85°C 
Device structure : CMOS high-performance silicon gate process 

















Package 80-pin plastic molded QFP 








eo re a | = MITSUBISHI MICROCOMPUTERS 


_M37702M2- XXXFP, M37702M2AXXXFP 
7 -M37702M2BXXXFP, M37702S1FP 
 M37702S1AFP, M37702S1BFP 
‘SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





PIN DESCRIPTION 
















































































Name | Input/Output are ‘Functions — 
| Power supply ~ Supply 5 V+10% to Voc and 0 V to Vss. 
CNVsg input . | This pin ecntias the PrOeesspr mode. Connect. to Vss for single-chip mode, and to Vcc for external ROM 
a . types. 
RESET _ | Reset input - ‘Input To enter the reset state, this pin must be kept at a “L” condition should be maintained for the required 
| time. 
Xin - Clock input . ‘Input These are |/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- |. 
= 3 tween Xin and Xoyr. When an external clock is used, the clock source should be connected to the Ain pin. 
Xout Clock output . Output and the. Xour pin should be left open. 
E. Enable output ‘Output Data or instruction read and data write are performed when output from this pin is “L”. 
she — — = : fae 
BYTE Bus width selection input Input °| In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
| 8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 
AVcc .-__| Analog supply input . Power supply for the A-D converter. Connect AVcc to Veg and AVssg to Vss externally. 
AVss . ; 
aa 7 Se 
_ Veer -Reference voltage input Input This is reference voltage input pin for the A-D converter. 
t-——— = ah in 
' POg~PO, 1/O port PO | 1/O In single-chip mode, port PO becomes an 8-bit |1/O port. An |/O directional register is available so that each 
f pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ag) is output in memory expansion mode or microprocessor mode. 
3 aes a 
P1o~P17 ae port P1 : 1/0 In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
. memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
.(Dys~Dg)is input or output when E output is “L” and an address (Ajs~Ag) is output when E output is “H”. 
lf the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;s~Ag)is output. 
oan a 7 —— 
P29~P27 | 1/O port P2 1/0 _In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~Do) is’ input or output when E output is “L” and an address(Aj3~ Aj) is 
output when E. eureut is “A”. 
— — 
P39~ P33 I/O port P3 | 1/0 In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
. | roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 
P4)~P4, /O port P4 1/O In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4) and P4,; become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P4, can be programed 
for $1 output pin divided the clock to Xx pin by 2. In microprocessor mode, P42 always has the function as | 
¢; output pin. 
7 
| PSo9~P57 1/O port P5 1/O In addition to having the same functions as neat PO in single- ene mode, these pins also function as I/O 
| lL | pins for timer AQ, timer A1, timer A2 and timer A3. | 
P69~ P67 oie port P6 1/O In addition to having the same functions as port PO in single- chip mode, these pins also function as 1/O 
. pins for timer A4, external interrupt a INTo, INT; and INT2 pins, and input pins for timer BO, timer B1 and 
timer B2. 
~— : | 
P79~P7z . 1/0 port P7 1/O —_| In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN7; input pins. P77 also hasan A-D conversion trigger input function. 
ati 
P89~ P87 I/O port P8: LO In addition to having the same functions . as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, CTS/RTS pins for UART 0 and UART 1. 
a ELECTRIC 
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BASIC FUNCTION BLOCKS 

The M37702M2-XXXFP contains the following devices on a 
single chip: ROM and RAM for storing instructions and 
data, CPU for processing, bus interface unit (which controls 
instruction prefetch and data read/write between CPU and 
memory), timers, UART, A-D converter, and other peripher- 
al devices such as I/O ports. Each of these devices are de- 
scribed below. 


MEMORY 

The memory map is shown in Figure 1. The address space 
is 16M bytes from addresses 01, to FFFFFFi¢. The address 
space is divided into 64K bytes units called banks. The 
banks are numbered from 04, to FF. 

Built-in ROM, RAM and control registers for built-in 
peripheral devices are assigned to bank 0. 


000000: 0000001, 


00007Fi¢ 
00008016 


Bank 01, 


OOFFFFi¢ 


0100001. 
00027 Fi¢ 


Bank li. 


O1FFFFi¢ 


FE00001¢ 


FEFFFFi¢ 
FF00001« 


Bank FF i, 


\ FFFFFFi¢ 





Fig. 1 Memory map 


The 16K bytes area from addresses C000,¢ to FFFFi¢ is the 
built-in ROM. Addresses FFD6;, to FFFFi_ are the RESET 
and interrupt vector addresses and contain the. interrupt 
vectors. Refer to the section on interrupts for details. 

The 512 bytes area from addresses 80, to 27Fi¢ contains 
the built-in RAM. In addition to storing data, the RAM is 
used as stack during a subroutine call, or interrupts. 
Assigned to addresses 01, to 7Fig are peripheral devices 
such as I/O ports, A-D converter, UART, timer, and inter- 
rupt control registers. | | 

A 256 bytes direct page area can be allocated anywhere in 
bank 0 using the direct page register DPR. In direct page 
addressing mode, the memory in the direct page area can 
be accessed with two words thus reducing program steps. 


Peripheral devices 
control registers 


see Fig. 2 for 
further information 


“N 
00007F,, 


Internal RAM 
512 bytes 


Interrupt vector table 


UARTO receive 
Timer BO 
Timer A4 


Timer A2 
INT. 


INTo 
Watchdog timer 





Internal ROM 


16K bytes 





; BRK instruction 
Zero divide 


RESET 
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Address (Hexadecimal notation) | Address (Hexadecimal notation) 

~ 000000 | . . ‘ 000040 Count start flag 
ooo fo ~~ 000041 
goo002 [PotPO = Cd 000042 | One shot start flag i 
000003 _ -_ 000043 haatest 
000004 — - 000044 
000005 3 000045 = , 
~ 000007 Port P3 i . 000047 

* 000008 : 000048 | timer At 
000009 | 000049 7 
000008 000048 | 
00000C 00004 tag. 
‘00000D Port P5 data direction register 00004D 
00000F 00004F 
000010 Port P6 data direction register 000050 Timer BO 
000011 Port P7 data direction register 000051 
000012 Port P8 - . 900052 Timer B1- 
000013. 000053 | 


000014 | Port P8 data direction register 7 000054 | timer B2 
ROOOIE 000055 | 


000016 — 000056 Timer AO mode regi 
000017. 000057 Timer A1 mode register 
000018 000058 Timer A2 mode register 





00001B . 00005B Timer BO mode register 





» 000019 : 000059 Timer A3 mode register | . 
Q0001A | 00005A Timer A4 mode seaisie! . 
























































00001C 00005C Timer B1 mode register 

00001D _ 00005D_ | Timer B2 mode register 

00001E A-D control register —-00005E Processor mode register 

00001F | A-D sweep pin selection register 00005F 

000020 000060 

oooo2t fo 000061 

000022 000062 

oo0023 [oe 000063 

000024 A-D register 2 000064 

000025. 000065 | 

000026 000066 

o000gy7 | 000067 

000028 A-D register 4 : 000068 

000029 ; 000069 

00002A A-D register 5 O0006A 

00002B . | | Q0006B / aoe 
-00002C | A-D register 6 | o0006c | 

00002D . . 00006D ; 

00002E_ | A-D register 7 O0006E . . 

00002F OOO06F 

000030 UART 0 transmit/receive mode register | 000070 A-D conversion interrupt control register 

000031 UART 0 bit rate generator 000071 UARTO transmission interrupt control register 

000032 a 000072 UARTO receive interrupt control register 


UART 0 transmission buffer register 











000033 000073 UART1 transmission interrupt control register 
000034 UART 0 transmit/receive control register 0 000074 UART1 receive interrupt control register 
000035 UART 0 transmit/receive control register 1 000075 Timer AO interrupt control register 

000036 QAR 6 FoGdive bullet raaistee | 000076 _~—s|: Timer A1 interrupt control register 

000037 000077 Timer A2 interrupt control register 

000038 UART 1 transmit/receive mode register 000078 Timer A3 interrupt control register 

000039 UART 1 bit rate generator 000079 | | Timer A4 interrupt control register 

00003A UART 1 transmission buffer register . 00007A Timer BO interrupt control register 

00003B ee | 00007B Timer B1 interrupt control register 

00003C | UART 1 transmit/receive control register 0| _ 00007C . 
00003D UART 1 transmit/receive control register 1 -.  Q0007D ‘| INTp interrupt control register ; 
‘00003E ; aoe . 0O007E INT, interrupt control register 
00003F 00007F 


Fig. 2 Location of peripheral devices and interrupt control registers 
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CENTRAL PROCESSING UNIT (CPU) 


The CPU has ten registers and is shown in Figure 3. Each | 


of these registers is described below. 


ACCUMULATOR A (A) 

Accumulator A is the main register of the microcomputer. It 
consists of 16 bits and the lower 8 bits can be used separ- 
ately. The data length flag m determines whether the regis- 
ter is used as 16-bit register or as 8-bit register. It is used 
as a 16-bit register when flag m is “0” and as an 8-bit reg- 
ister when flag m is “1”. Flag m is a part of the processor 
status register (PS) which is described later. 

Data operations such as calculations, data transfer, input/ 
output, etc., is executed mainly through the accumulator. 


ACCUMULATOR B (B) 

Accumulator B has the same functions as accumulator A, 
but the use of accumulator B requires more instruction 
bytes and execution cycles than accumulator A. 


INDEX REGISTER X (X) 

Index register X consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
“Q” and as an 8-bit register when flag x is “1”. Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. 


i 0 
Program bank register PG 


7 


Data bank register DT 


Fig. 3 Register structure 





In index addressing mode, register X is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register X indicates the low- 
order 16 bits of the source data address. The third byte of 
the MVP and MVN is the high-order 8 bits of the source 


- data address. 


INDEX REGISTER Y (Y) 

Index register Y consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x “OQ” 
and as an 8-bit register when flag x is “1”. Flag x is a part 
of the processor status register (PS) which is described 
later. 

In index addressing mode, register Y is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the content of index register Y indicates the low- 
order 16 bits of the destination address. The second byte of 
the MVP and MVN is the high-order 8 bits of the destina- 
tion data address. 


Accumulator A 
Accumulator B 

Index register X 

Index register Y 

Stack pointer S 

seated counter PC 
Direct page register DPR 


Processor status register PS 


Carry flag 

Zero flag 

Interrupt disable flag 

Decimal mode flag 

index register length flag 

Data length flag 

Overflow tlag 

Negative flag 

Processor interrupt priority level IPL 
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STACK POINTER (S) 

Stack pointer (S) is an 16-bit register. It is used during a 
subroutine call or ‘interrupts. It is also used during stack, 
stack pointer relative, or stack pointer relative indirect in- 
dexed Y addressing mode. 


PROGRAM COUNTER (PC) 

Program counter (PC) is a 16-bit counter that indicates the 
low-order 16 bits of the next program memory address to 
be executed. These is a bus interface unit between the 
program memory and the CPU, so that the program mem- 
ory is accessed through ‘bus interface unit. This is de- 
scribed later. 


PROGRAM BANK REGISTER (PG) 

Program bank register is an 8-bit register that indicates the 
~ high-order 8 bits of the next program memory address to 
be executed. When a carry occurs by incrementing the 
contents of the program counter, the cotents of the program 
bank register (PG) is incremented by 1. Also, when a carry 
or borrow occurs after adding or subtracting the offset 
value to or from the contents of the program counter (PC) 
using branch instruction, the contents of the program bank 


register (PG) is incremented or decremented by 1 so that 


programs can be written without worrying about bank 
boundaries. . 


DATA BANK REGISTER (DT) — 


Data bank register (DT) is an 8-bit register. With some 


addressing modes, a part of the data bank register (DT) is 
used to specify a memory address. The contents of data 


bank register (DT) is used as'the high-order 8 bits of a 24- — 


bit address. Addressing modes that use the data bank reg- 
ister (DT) are direct indirect, direct indexed X indirect, 
direct indirect indexed Y, absolute, absolute bit, absolute 
indexed X, absolute indexed Y, absolute bit relative, and 
stack pointer relative indirect indexed Y. 


DIRECT PAGE REGISTER (DPR) 

Direct page register (DPR) is a 16-bit register. Its contents 
is used as the base address of a 256-byte direct page 
area. The direct page area is allocated in bank 0, but when 
the contents of DPR is FFO1. or greater, the direct page 
area spans across bank 0 and bank 1. All direct addressing 
modes use the contents of the direct page register (DPR) 
to generate the data address. If the low-order 8 bits of the 
direct page register (DPR) is “00;,”, the number of cycles 
required to generate an address is minimized. Normally the 
low-order 8 bits of the direct page register (DPR) is set to 
“0016 i 


subtraction are performed as binary or decimal. 


PROCESSOR STATUS REGISTER (PS) | 
Processor status register (PS) is an 11-bit register. It con- 
sists. of a flag to indicate the result of operation and CPU 
interrupt levels. 

Branch operations can be performed by testing the flags C, 
Z,V, and N. | 
The details of each processor status register bit are de- 
scribed below. | 


1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the ALU after an arithmetic operation. This flag is also 
affected by shift and rotate instructions. This flag can be set 
and reset directly with the SEC and CLC instructions or 
with the SEP and CLP instructions. 


2. Zero flag (2) 

This zero flag is set if the result of an arithmetic operation 

or data transfer is zero and reset if it is not. This. flag can. 
be set and reset directly with the SEP and CLP instructions. 


3. Interrupt disable flag (1) 
When the interrupt disable flag is set to “1”, all interrupts 
except watchdog timer, DBC, and software interrupt are 


disabled. This flag is set to “1” automaticaliy when there is 


an interrupt. It can be set and reset directly with the SEl 
and CLI instructions or SEP and CLP instructions. 


4. Decimal mode flag (D) 

The decimal mode flag determines whether addition and 
Binary 
arithmetic is performed when this flag is “O”. If it is “1”, de- 
cimal arithmetic is performed with each word treated as 


two or four digit decimal. Arithmetic operation is performed. 


using four digits when the data length flag m is “O” and with 
two digits when it is “1”. (Decimal operation is possible 


only with the ADC and SBC instructions.) This flag can be — 


set and reset with the SEP and CLP instructions. 





2—10 


afte MTSUBISH 


MITSUBISHI MICROCOMPUTERS 


M37702M2-XXXFP,M37702M2AXXXFP 
M37702M2BXXXFP,M37702S1FP 


M37702S1AFP,M37702S1BFP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


5. Index register length flag (x) 

The index register length flag determines whether index 
register X and index register Y are used as 16-bit registers 
or as 8-bit registers. The registers are used as 16-bit regis- 
ters when flag x is “O” and as 8-bit registers when it is “1”. 
This flag can be set and reset with the SEP and CLP in- 
structions. 


6. Data length flag (m) 

The data length flag determines whether the data length is 
16-bit or 8-bit. The data length is 16-bit when flag m is “OQ” 
and 8-bit when it is “1”. This flag can be set and reset with 
the SEM and CLM instructions or with the SEP and CLP in- 
structions. 


7. Overflow flag (V) 

The overflow flag has meaning when addition or subtraction 
is performed a word as signed binary number. When the 
data length flag m is “0”, the overflow flag is set when the 
result of addition or subtraction is outside the range be- 
tween — 32768 and +32767. When the data length flag m 
is “1”, the overflow flag is set when the result of addition or 
subtraction is outside the range between —128 and +127. 
It is reset in all other cases. The overflow flag can also be 
set and reset directly with:the SEP, and CLV or CLP in- 
structions. 


8. Negative flag (N) 


The negative flag is set when the result of arithmetic op- 


eration or data transfer is negative (If data length flag m is 


“QO”, when data bit 15 is “1”. If data length flag m is “1”, 
when data bit 7 is “1”.) It is reset in all other cases. It can 
also be set and reset with the SEP and CLP instructions. 


Control signal 





9. Processor interrupt priority level (IPL) 
The processor interrupt priority level (IPL) consists of 3 bits 
and determines the priority of processor interrupts from 
level 0 to level 7. Interrupt is enabled when the interrupt 
priority of the device requesting interrupt (set using the in- 
terrupt control register) is higher than the processor inter- 
rupt priority. When interrupt is enabled, the current proces- 
sor interrupt priority level is saved in a stack and the pro- 
cessor interrupt priority level is replaced by the interrupt 
priority level of the device requesting the interrupt. Refer to 
the section on interrupts for more details. 


BUS INTERFACE UNIT 

The CPU operates on an internal clock frequency which is 
obtained by dividing the external clock frequency f(x,,) by 
two. This frequency is twice the bus cycle frequency. In 
order to speed-up processing, a bus interface unit is used 
to pre-fetch instructions when the data bus is idle. The bus 
interface unit synchronizes the CPU and the bus and pre- 
fetches instructions. Figure 4 shows the relationship be- 
tween the CPU and the bus interface unit. The bus inter- 
face unit has a program address register, a 3-byte instruc- 
tion queue buffer, a data address register, and a 2-byte 
data buffer. . 

The bus interface unit obtains an instruction code from 
memory and stores it in the instruction queue buffer, 
obtains data from memory and stores it in the data buffer, 


or writes the data from the data buffer to the memory. 


Bus interface 
unit 





Fig. 4 Relationship between the CPU and the bus interface unit 
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The bus interface unit operates using one of the waveforms 
(1) to (6) shown in Figure 5. The standard waveforms are 


(1) and (2). | Internal clock TULL 
The ALE signal is used to latch only the address signal Port P2 


from the multiplexed signal containing data and address. 
The E signal becomes “L” when the bus interface unit 
reads an instruction code or data from memory or when it 
writes data to memory. Whether to perform read or write is 
- controlled by the R/W signal. Read is performed when the 
R/W signal is “H” state and write is performed when it is 
“L” state. 

Waveform (1) in Figure 5 is used to access a single byte or 
two bytes simultaneously. To read or write two bytes simul- 
taneously, the first address accessed must be even. Furth- 
ermore, when accessing an external memory area in mem- 
ory expansion mode or microprocessor mode, set the bus 
width selection input pin BYTE to “L”. (external data bus | 
width to 16 bits) The internal memory area is always tre- 
ated as 16-bit bus width regardless of BYTE. 

When performing 16-bit data read or write, if the conditions 
for simultaneously accessing two bytes are not satisfied, 
waveform (2) is used to access each byte one by one. 
However, when prefetching the instruction code, if the 
address of the instruction code is odd, waveform (1) is 
_ used, and only one byte is read in the instruction queue 
buffer. 

The signals ‘Ag and BHE in Figure 5 are used to control 
. these cases: 1-byte read from even address, 1-byte read 
from odd address, 2-byte simultaneous read from even and 
odd addresses, 1-byte write to even address, 1-byte write 
to odd address, or 2-byte simultaneous write to even and 
odd addresses. The Ag signal that is the address bit 0 is 
“L” when an even number address is accessed. The BHE 
signal becomes “L” when an odd number address is 
accessed. . 
The bit 2 of processor mode register (address 5E;,) is the 
wait bit. When this bit is set to “0”, the “L” width of E signal 

is 2 times as long when accessing an external memory 
‘ area in memory expansion mode or microprocessor mode. 
However, the “L” width of E signal is not extended when an 
internal memory area is accessed. When the wait bit is “1”, 
the “L” width of E signal is not extended for. any access. D‘ Data 
Waveform (3) is an expansion of the “L” width of E signal in These waveforms are at the memory expansion mode and 
waveform (1). Waveform (4),(5), and (6) are expansion of the microprocessor mode. 

each “L” width of E signal in waveform (2), first half of 
waveform (2), and the last half of waveform (2) respec- 
tively. . 


Instruction code read, data read, and data write are de- oases) 
= oe i method| Access 2- byte Access even} Access odd 
scribed below. Signal simultaneously} address 1-byte | address 1-byte 


E 


A : Address 





6“ H”’ 
* Le’ 











Fig. 5 Relationship between access method and 
signals Ap and BHE 
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Instruction code read will be described first. 

The CPU obtains instruction codes from the instruction 
queue buffer and executes them. The CPU notifies the bus 
interface unit that it is requesting an instruction code during 
an instruction code request cycle. If the requested instruc- 
tion code is not yet stored in the instruction queue buffer,. 
the bus interface unit halts the CPU until it can store more 
instructions than requested in the instruction queue buffer. 
Even if there is no instruction code request from the CPU, 
the bus interface unit reads instruction codes from memory 
and stores them in the instruction queue buffer when the 
instruction queue buffer is empty or when only one instruc- 
tion code is stored and the bus is idle on the next cycle. 
This is referred to as instruction pre-fetching. 

Normally, when reading an instruction code from memory, if 
the accessed address is even the next odd address is read 
together with the instruction code and stored in the instruc- 
tion queue buffer. | 

However, in memory expansion mode or microprocessor 
mode, if the bus width switching pin BYTE is “H”, external 
data bus width is 8 bits and the address to be read is in ex- | 
ternal memory area is odd, only one byte is read and 
stored in the instruction queue buffer. Therefore, waveform 
(1) or (3) in Figure 5 is used for instruction code read. 

Data read and write are described below. 

The CPU notifies the bus interface unit when performing 
data read or write. At this time, the bus interface unit halts 
the CPU if the bus interface unit is already using the bus or 
if there is a request with higher priority. When data read or 
write is enabled, the bus interface unit uses one of the 
waveforms from (1) to (6) in Figure 5 to perform the opera- 
tion. 

| During data read, the CPU waits until the entire data is 
stored in the data buffer. The bus interface unit sends the 
address received from the CPU to the address bus. Then it 
reads the memory when the E signal is “L” and stores the 
result in the data buffer. 

During data write, the CPU writes the data in the data buf- 
fer and the bus interface unit writes it to memory. There- 
fore, the CPU can proceed to the next step without waiting 
for write to complete. The bus interface unit sends the 
address received from the CPU to the address bus. Then 
when the E signal is “L”, the bus interface unit sends the 
data in the data buffer to the data bus and writes it to 
memory. 
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INTERRUPTS | | Table 1. Interrupt types and the interrupt vector 
Table 1 shows the interrupt types and the corresponding : addresses . ee 


interrupt. vector addresses. Reset is also treated as a type -_ Interrupts 
A-D conversion OOFFD6,, OOFFD7i¢ 


of interrupt and is discussed in this section, too. 
DBC is an interrupt used during debugging. | UART1 transmit =| (OOF FD8y5 ~— OOF FD 96 
UART1 receive = OOFFDA;g OOFFDBig _ 


Interrupts other than reset, DBC, watchdog timer, zero di- 7 | 

vide, and. BRK instruction all have interrupt control regis- UARTO transmit OOFFDCig OOF FDDie 
ters. Table 2 shows the addresses of the interrupt control EAB ID cece’ OOFFDE:e _OOFFDFis 
registers and Figure 6 shows the bit configuration of the in- une! pe Jo EE Vie OOP FE Me: 
terrupt control register. | amet an visi eee sg) Veer 
The interrupt request bit is automatically cleared -by the Timer A4 OOFFE6,,  OOFFE7,, 
hardware during reset or when processing an interrupt. Timer A3 OOFFE8,, QOFFE9:< 
Also, interrupt request bits other than DBC and watchdog 



















_Vector addresses 
























































































Timer A2 OOFFEA;, OOFFEB;, 
timer can be cleared by software. | Timer At — OOFFED 6 
INT. to INT, are external interrupts and whether to cause ‘Timer AO OOFFEF 16 











INT» external interrupt OOFFFO;., OOFFF 116 
OOFFF2;, OOFFF3i¢ 
OOF FF44, OOFFF5;, 


OOFF F646 OOFFF7i¢ © 


an interrupt at the input level (level sense) or at the edge 
(edge sense) can be selected with the level sense/edge 
sense selection bit. Furthermore, the polarity of the inter- 
rupt input can be selected with polarity selection bit. 

Timer and UART interrupts are described in the respective © 
section. 

The priority of interrupts when multiple interrupts are 
caused simultaneously is partially fixed by hardware, but, it 
can also be adjusted by software as shown in Figure 7. The 
hardware priority is fixed the following: 

reset > DBC > watchdog timer > other interrupts 












INT, external interrupt 









INT, external interrupt 
Watchdog timer 
DBC (unusable) 
Break instruction 
Zero divide 


































OOFFFFi¢ 


Interrupt priority 


Interrupt request bit 
0 : No interrupt 
1: Interrupt 


Interrupt control register configuration for A-D converter, UARTO, UART1, timer AO to timer A4, and timer BO to timer B2 


(Cte ae ee 


ie 


Interrupt priority 
Interrupt request bit 
0 : No interrupt 


|i Interrupt 
Polarity selection bit 


Q : Set interrupt request bit at “H” level for level sense and when changing from “H” to “L” 
level for edge sense. ge 
1 : Set.interrupt request bit at “L” level for level sense and when changing from “L” to “H” 
level for edge sense. : . wet * a? a 7 ne 
Level sense/edge sense selection bit 


0 : Edge sense 
| : Level sense 
Interrupt control register configuration for INTo2~INTo. — 


Fig.6 Interrupt control register configuration 
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Table 2. Addresses of interrupt control registers 


Timer A3 interrupt control register 0000781, © 
Timer A4 interrupt control register 00007946 
Timer BO interrupt control register 














































Timer B1 interrupt control register 


INT interrupt control register 
INT, interrupt control register 





Interrupts caused by a BRK instruction and when dividing 
by zero are software interrupts and are not included in this 
list. 

Other interrupts previously mentioned are A-D converter, 
UART, Timer, INT interrupts. The priority of these interrupts 
can be changed by changing the priority level in the cor- 
responding interrupt control register by software. 

Figure 8 shows a diagram of the interrupt priority resolution 
circuit. When an interrupt is caused, the each interrupt de- 
vice compares its own priority with the priority from above 
and if its own priority is higher, then it sends the priority be- 


low and requests the interrupt. If the priorities are the. 


same, the one above has priority. 

This comparison is repeated to select the interrupt with the 

highest priority among °the interrupts that are being re- 

quested. Finally the selected interrupt is compared with the 
processor interrupt priority level (IPL) contained in the pro- 

_ cessor status register (PS) and the request is accepted if it 
is higher than IPL and the interrupt disable flag | is “O”. The 
request is not accepted if flag | is “1”. The reset, DBC, and 
watchdog timer interrupts are not affected by the interrupt 
disable flag I. | 

When an interrupt is accepted, the contents of the proces- 
_ sor status register (PS) is saved to the stack and the inter- 
' rupt disable flag | is set to “1”. 

Furthermore, the interrupt request bit of the accepted inter- 
_rupt is cleared to “0” and the processor interrupt priority 

level (IPL) in the processor status register (PS) is replaced 

by the priority level of the accepted interrupt. 

Therefore, multi-level priority interrupts are possible by re- 

. Setting the interrupt disable flag | to “O” and enable further 
. interrupts. 
For reset, DBC, watchdog timer, zero divide, and BRK in- 
struction interrupts, which do not have an interrupt control 
register, the processor interrupt level (IPL) is set as shown 
in Table 3. 7 | 








Priority resolution is performed by latching the interrupt re- 
quest bit and interrupt priority level so that they do not: 
change. They are sampled at the first half and latched at 
the last half of the operation code fetch cycle. 

Because priority resolution takes some time, no sampling 
pulse is generated for a certain interval even if it is the next 
operation code fetch cycle. . : 


Priority is determined by hardware 
® @ @ ® 
i nee ee), eee 


Watchd —--- 
{Oe 


| 
| 


A-D converter, UART, Timer, INT interrupts 


_ Priority can be changed with software inside @ 
Fig. 7 Interrupt priority 


Level 0 


A-D conversion 


VW, 


Interrupt request UART1 transmit 


UART1 receive 

UARTO transmit 

UARTO receive 
Timer B2 


Timer B1 


Timer BO 
Timer A4 


Timer A3 
Watchdog 
Umer Timer A2 


Timer A1 


interrupt disable flag | Timer AO 


+ 
nN 


IKIKIKIKIKIKIKIKIKIKIKIKK< 


/\ 


z 
a 


4 
°o 


Fig. 8 Interrupt priority resolution 
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As shown in Figure 9, there are three different interrupt Table 3. Value set in processor interrupt level (IPL) - 
priority resolution time from which one is selected by soft- | during an interrupt | 

ware. After the selected time has elapsed, the highest interrupt types Selling value 

priority is determined and is processed after the currently Reset _ - oe 0 

executing instruction has been completed. | DBC is 


Watchdog timer 7 
Zero divide Not change value of IPL. 
BRK instruction Not change value of IPL. . 


The time is selected with bits 4 and 5 of the processor 
mode register (address 5E,¢) shown in Figure 10. Table 4 
shows the relationship between these bits and the number 

















of cycles. After a reset, the processor mode register is in- Table 4. Relationship between priority level evaluation 
‘itialized to “00.” and therefore, the longest time is time selecnon Ditand-nlmberoncycles 
selected. . Priority level resolution time selection bit 

— Number of cycles 


However, the shortest time may be selected by software. 





7 cycles of ¢ 





4 cycles of ¢ 














2 cycles of ¢ 





¢ : internal clock 


Operation code fetch ve f | fo Li 


Sampling pulse 


Priority resolution time 
Select from 0 to 2 with bits 
4 and 5 of the processor 


‘mode register 





Fig. 9 Interrupt priority resolution time 


a 98 Processor mode register(SEs) 


Processor mode bits 
0 0 .: Single-chip mode 
0 1 : Memory expansion mode 
1 0 : Microprocessor mode 
~ 11 =: Evaluation chip mode 
Wait bit , 
0 : Wait 
1 : No wait 
Software reset bit . 
The processor is reset when this bit is set to “1” 


Priority resolution time selection bit 
0 0 : Select 0 in Figure 9 
0 1 :! Select 1 in Figure 9 
10 : Select 2 in Figure 9 

Test mode bit . 





Must be “0” 
Clock ¢, output selection bit 
0 : No ¢, output | 
1: ¢4 output 





Fig. 10 Processor mode register configuration 
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TIMER 

There are eight 16-bit timers. They are divided by type into 
timer A(5) and timer B(3). 

The timer !/O pins are shared with I/O pins for port PS and 
P6. To use these pins as timer input pins, the data direction 
register bit corresponding to the pin must be cleared to “0” 
to specify input mode. 

Using this timer, confirm the function as this timer is diffe- 
rent a little from M37700M2-XXXFP’s. 


TIMER A 

Figure 11 shows a block diagram of timer A. 

Timer A has four modes; timer mode, event counter mode, 
one-shot pulse mode, and pulse width modulation mode. 
The mode is selected with bits 0 and 1 of the timer Ai 
mode register (i=0 to 4). Each of these modes is de- 
scribed below. 


Clock source selection 

¢ Timer 

* One-shot 

* Pulse width modulation 
© 


9 
fig —O 


feq —O 


Timer( gate function) 
© 


f512-—_© 


Polarity Event counter 


selection 


TAin, Count start flag 


(4016) 


(i=0~4) a 
External trigger: 


Down count 


(1) Timer mode (00) 

Figure 12 shows the bit configuration of the timer Ai mode 
register during timer mode. Bits 0, 1, and 5 of the timer Ai 
mode register must always be “0” in timer mode. 

Bit 3 is ignored if bit 4 is “O”. 

Bits 6 and 7 are used to select the timer counter source. 
The counting of the selected clock starts when the count 
start flag is “1” and stops when it is “O”. 

Figure 13 shows the bit configuration of the count start flag. 
The counter is decremented, an interrupt is caused and the 
interrupt request bit in the timer Ai interrupt control register 
is set when the contents becomes 0000,,. At the same 
time, the contents of the reload register is transferred to the 
counter and count is continued. 


__ Data bus (even) ae 


Reload register( 16) 


M0 


Counter(16) Addresses 


Up/Down TimerAd 4716 4616 


Always decremented TimerA1 49:6 4816 
except in event count mode] _. . . 

TimerA2 4Big 4Ai6 
£2 Timer A3 4D,5 4Cie 


Timer A4 4Fy6 4Ex6 


Up-downflag | —o | 


(4446) 


Pulse output 


Toggle flip-flop 


Fig. 11 Block diagram of timer A. 
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When bit 2 of the timer Ai mode register is “1”, the output | 
is generated from TAiour pin. The output is toggled each 


time the contents of the counter reaches to 0000;¢. When 
the contents of the count start flag is “O”, “L” is output from 
-TAiourt pin. 

When bit 2 is “0”, TAigur can be used as a normal port pin. 
When bit 4 is “0”, TAi,y Can be used as a normal port pin. 
When bit 4 is “1”, counting is performed only while the in- 
put signal from the TAijy pin is “H” or “L” as shown in Fi- 
gure 14. Therefore, this can be used to measure the pulse 
width of the. TAijy input signal. Whether to count while the 
_ input signal is “H” or while it is “L” is determined by bit 3. If 
bit 3 is “1”, counting is performed while the TAi,y pin input 


Timer At mode register 5716 


signal is “H” and if bit 3 is “0”, counting is performed while 
itis “L”. 

Note that the duration of “H” or “L” on the TAiny pin must Bs 
two or more cycles of the timer count source. 

When data is written to timer Ai register with timer Ai 
halted, the same data is also written to the reload register 
and the counter. When data is written to timer Ai which is 
busy, the data is written to the reload register, but not to 
the counter. The counter is reloaded with new data from 
the reload register at the next reload time. The contents of 
the counter can be read at any time. 

When the value set in the timer Ai register is n, the timer 
frequency dividing ratio is 1/(n +1). "3 


Addresses 
Timer AO mode register 5616 


Timer A2 mode register 5816 





Timer A3 mode register . 5946 


Timer A4 mode register 5Ai6 


0 0 : Always “00” in timer mode 


No pulse output (TAiour is normal port pin) 


: Pulse output 


: No'gate function (TAi,y is normal port pin) 
- Count only while TAijy input is “L” 


+ Count only while TAi;,y input is “H” 


: Always “0” in timer mode 


Clock source selection bit 
.° 00 : Select f. 

01 : Select fig 

10 : Select fea 


1 1 : Select fs12 





Fig. 12 Timer Ai mode register bit configuration during timer mode 
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7 6 5 4 3 ) 1 0 Count start flag ' Address 
4016 
Ok 


Timer AO count start flag 


Timer A1 count start flag 


Timer A2 count start flag 
Timer A3 count start flag 
Timer A4 count start flag 
Timer BO count start flag 
Timer B1 count start flag 


Timer B2 count start flag 





Fig. 13 Count start flag bit configuration 








Selected clock source fj 


oe i: Cearan St Se 


Timer mode register 
Bit 4 Bit 3 


zs | | | | 






Timer mode register 


Bit 4 Bit 3 | | Z | 
UUU UWL UUUUUUUU 


Fig. 14 Count waveform when gate function is available 
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(2) Event counter mode (01) 

Figure 15 shows the bit configuration of the timer Ai mode 
register during event counter mode. In event counter mode, 
the bit 0 of the timer Ai mode register must be “1” and bit 1 
and 5 must be “0”. | 

The input signal from the TAin pin is counted when the 
count start flag shown in Figure 13 is “1”: and counting is 
stopped when it is “O”. | 

Count is performed at the fall of the input signal when bit 3 
is “O” and at the rise of the signal when it is “1”. 


In event counter mode, whether to increment or decrement | 


the count can be selected with the up-down flag or the in- 
put signal from the TAiouyrt pin. 

When bit 4 of the timer Ai mode register is “0”, the up- 
down flag is used to determine whether to increment or de- 
crement the count (decrement when the flag is “0” and in- 
crement when it is “1”). Figure 16 shows the bit configura- 
tion of the up-down flag. 

When bit 4 of the timer Ai mode register is “1”, the input 
signal from the TAigur pin is used to determine whether to 
increment or decrement the count. However, note that bit 2 


must be “0” if bit 4 is “1” because if bit 2 is “1”, TAigyy pin 


becomes an output pin with pulse output. 

The count is decremented when the input signal from the 
TAiour pin is “L” and incremented when it is “H”. Deter- 
mine the level of the input signal from the TAioyr pin be- 
fore valid edge is input to the TAi,y pin. 

An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt control register is set 
‘when the counter reaches 00004. (decrement count) or 
FFFF,, (increment count). At the same time, the contents 
of the reload register is transferred to the counter and the 
count is continued. 


When bit 2 is .“1” and the counter reaches 0000;,_ 


(decrement an or FFFF,. (increment count), the wave- 
form reversing polarity is output from TAiout pin. 

_If bit 2 is “0”, TAiout pin can be used as a normal port pin. 
However, if bit 4 is “1” and the TAigyry pin is used as an 
output pin, the output from the pin changes the count direc- 
tion. Therefore, bit 4 should be “0” unless the output from 
the TAiout pin is to be used to select the count direction. 





Addresses 


Timer AO mode register 5616 


Timer A1 mode register 5746 
Timer A2 mode register 5846 
Timer A3 mode register . 5916 


Timer A4 mode register 5Ai6 
: Always “01” in event counter mode 


- No pulse output 
- Pulse output 


: Count at the falling edge of input signal 
: Count at the rising edge of input signal 





: Increment or decrement according 





to up/down flag 
: Increment or decrement according 





to TAiour pin input signal level 





: Always “0” in event counter mode 


: Not used in event counter mode 


Fig. 15 Timer Ai mode register bit contaaauen 
during event counter mode 


Address 
4416 


76543210 


Up-down flag 


Timer AO up-down flag 
Timer A1 up-down flag 
Timer A2 up-down flag 
Timer A3 up-down flag 


Timer A4 up-down flag 


Timer A2 two-phase pulse signal 
processing selection bit 
0 : Two-phase pulse signal processing 
disabled 
1 : Two-phase pulse signal processing 
mode 


Timer A3 two-phase pulse signal 
processing selection bit 
' 0 : Two-phase pulse signal processing 
disabled. 
1 : Two-phase pulse signal processing 
mode 


Timer A4 two-phase pulse signal 
processing selection bit 
'0 : Two-phase pulse signal processing 
disabled 
1 : Two-phase pulse signal processing 
mode 





Fig. 16 ie: -down flag bit conflguraten 
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Data write and data read are performed in the same way as 
for timer mode. That is, when data is written to timer Ai 
halted, it is also written to the reload register and the coun- 
ter. When data is written to timer Ai which is busy, the data 
is written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time. The counter can be read at any 
time. 

In event counter mode, whether to increment or decrement 
the counter can also be determined by supplying two- 
phase pulse input with phase shifted by 90° to timer A2, A3, 
or A4. There are two types of two-phase pulse processing 
operations. One uses timers A2 and A3, and the other uses 
timer A4. In either processing operation, two-phase pulse is 
input in the same way, that is, pulses out of phase by 90° 
are input at the TAjour (j=2 to 4) pin and TAjjy pin. 

When timers A2 and A3 are used, as shown in Figure 17, 
the count is incremented when a rising edge is input to the 
TAkiy pin after the level of TAkour (k=2, 3) pin changes 
from “L” to “H”, and when the falling edge is inserted, the 
count is decremented, 

For timer A4, as shown in Figure 18, when a phase related 
pulse with a rising edge input to the TA4,, pin is input after 
the level of TA4our pin changes. from “L” to “H”, the count 
is incremented at the respective rising edge and falling 
edge of the TA4our pin and TA4n pin. | 
When a phase related pulse with a falling edge input to the 
TA4our pin is input after the level of TA4, pin changes 
from “H” to “L”, the count is decremented at the respective 
rising edge and falling edge of the TA4,, pin and TA4oyr 
pin. When performing this two-phase pulse signal proces- 


sing, timer Aj mode register bit 0 and bit 4 must be set to 
“1” and bits 1, 2, 3, and 5 must be “0”. Bits-6 and 7 are 
ignored. Note that bits 5, 6, and 7 of the up-down flag reg- 
ister (44,,) are the two-phase pulse signal processing 
selection bit for timer A2, A3, and A4 respectively. Each 
timer operates in normal event counter mode when the cor- 
responding bit is “0” and performs two-phase pulse signal 
processing when it is “1”. 

Count is started by setting the count start flag to “1”. Data 
write and read are performed in the same way as for nor- 
mal event counter mode. Note that the direction register of 
the input port must be set to input mode because two- 
phase pulse signal is input. Also, there can be no pulse 
output in this mode. | 


Addresses 
Timer A2 mode register 5816 


Timer A3 mode register 5916 


Timer A4 mode register 5Ai¢ 
oe 0 1 : Always “01” in event counter mode 


0100: Always “0100” when processing 
two-phase pulse signal 





XX : Not used in event counter mode 


Fig. 19 Timer Aj mode register bit configuration when 
performing two-phase pulse signal processing 
in event counter mode 


TAKin | | f | { a | | | | | 
(k=2, 3) 


Up-count Up-count Up-count 


Down-count 'Down-count Down-count 





Fig. 17 Two-phase pulse processing operation of timer A2 and timer A3 






Up-count at each edge 





TA4 
” Up-count at each edge 


Fig. 18 Two-phase pulse processing operation of timer A4 


Down-count at each edge . 


PUPS 


Down-count at each edge 
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| (3) One-shot suis mode [10] © 
Figure 20 shows the bit configuration of the timer Ai mode 
register. during one-shot pulse mode. In one- shot pulse 


~ mode, bit 0 and bit 5 must be “OQ” and bit 1 and bit 2 Must» 


be bi Fad 


The trigger is enabled when the count start flag is “1”. The- 


trigger can be generated by software or it can be input 


= from the TAi pin. Software trigger is selected when bit 4 _ 


is “O” and the input signal from the TAi;y pin is used as the 
trigger when it is “1”. 
Bit 3 is used to determine whether to trigger at the fal] of 


the trigger signal or at the rise. The trigger is at the fall of 


the trigger signal when bit 3 is “0” and at the rise of the 
trigger signal when it is “1”. 

Software trigger is generated by setting the bit in the one- 
shot start flag corresponding to each timer. | 

Figure 21 shows the bit Configuration of the one-shot start 
flag. _ 2 4% | 

As shown in Figure 22, when a trigger signal is received, 
the counter. counts the clock selected by bits 6 and 7. 

If the contents of the counter is not 000016, the TAiour pin 
goes “H” when a trigger signal is received. The count 
direction is decrement. | 


When the counter reaches 000146, The TAiout pin goes “L” 


and count is stopped. The contents of the reload register is 
transferred to the counter. At the same time, an interrupt 
request signal is generated and the interrupt request bit in 
the timer Ai interrupt control register is set. This is repe- 
ated each time a trigger signal is received. The output 
pulse width is 
| 1 
pulse frequency of the selected clock 





 (counter’s value at the time of trigger). 


If.the count start flag is “0”, TAiout goes “L”. Therefore, the 


value corresponding to the desired pulse width must be 


flag. | 
As shown in Figure 23, a trigger signal can be received be- 
fore the operation for the previous trigger signal is com- 


pleted. In this case, the contents of the reload register is 


transferred to the counter by the trigger and then that value 
_ is decremented. ! i 
Except when retriggering while operating, the contents of 


the reload register is not transferred to the counter by trig- 


gering. 


-. When retriggering, there must be at least one timer count | | 


_ source cycle before.a new trigger can be issued. 
Data write is performed to the same way as for timer mode. 
When data is written in timer Ai halted, it is also written to 
_ the reload register and the counter. | | 
When data is written to timer Ai which is busy, the data is 
written to the reload register, but not to the counter. The 
counter is reloaded with new data from ie reload registeh 
“at the next reload time. 
Undefined data is read when pat Ai is read. 





written to timer Ai before setting the timer Ai count start 





: | Addresses ~ 
Timer.AQ mode register 5616 


Timer A1 mode register 5716 
Timer A2 mode register 5816 © 
Timer A3 mode register 5916 | 


Timer A4 mode register 5Ai6 


- Always “10” in one-shot pulse mode 


. Always “1” in one-shot pulse mode 





- Software trigger 
- Trigger. at the falling edge of TAin 
input 


: Trigger at the rising edge of Tig. 
input 








- Always “0” in one-shot pulse mode 











Clock source selection: 

0-0 : Select f, 

01: Select fig — 
10 Select ie, 

11 : Select 13 


Fig. 20 Timer Ai mode register bit configuration during 
one-shot pulse mode. 


ae Address 
T6854) 32° 10 i 
One-shot start flag 4246 
Timer AO one-shot start flag 
Timer A1 one-shot start flag 


Timer A2 one-shot start flag 


Timer A3 one-shot start flag 


Timer A4 one-shot start flag 


Fig. 21 One-shot start flag bit configuration 
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Selected clock 
source fj 


’ TAiin 
(in case of the | 


rising edge) 


TAiout | | | | 


_ Example when the contents of the reload register is 00031, 





Flg. 22 Pulse output example when external rising edge is selected 


Selected clock 
source fj 


TAiin 
(in case of the 
rising edge): 


TAiourt 


Example when the contents of the reload register is 0004,, 





Fig. 23 Example when trigger is re-issued during pulse output 
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. (4) Pulse width modulation mode (11) | 
‘Figure 24 shows the bit configuration of the timer Ai mode 
register during pulse width modulation mode. 
width modulation mode, bits 0, 1, and 2 must be set to “1”. 
Bit 5 is used to determine whether to perform 16-bit length 
pulse width. modulator or 8-bit length pulse width modula- 
tor. 16-bit length pulse width modulator is performed when 
bit 5 is “O” and 8-bit length pulse width modulator is per- 
formed when it is ae The 16-bit length pulse. width mod- 
ulator is described first. 

. The pulse width modulator can be started with a software 
“trigger or with an input signal from a TA pin (external 
trigger). : 

The software trigger mode is selected when bit 4 is “0”. 


Pulse width modulator is started and pulse is output from 


TAiSuie when the timer Ai start flag is set to “1”. 

The external trigger mode is selected when bit 4 is “1”. 
Pulse width modulator starts when a trigger signal is input 
from the TAiy pin when the timer Ai_ start flag is “1”. 


Whether to trigger at the fall or rise of the trigger signal is 
determined by bit 3. The trigger is at the fall of the trigger 


signal when bit 3 is “O” and at the rise when it is “1”. | 


When data is written to timer Ai with the pulse width mod- 
_ulator halted, it -is written to the reload register and the 


- counter. 


Then when the timer Ai start flag is set to “1”. and a soft- | 


ware trigger or an external trigger is issued to start modula- 
tion, the waveform shown in Figure 25 is output continuous- 


ly. Once modulation is started, triggers. are. not accepted. If 


_ the value in the reload register is m, the duration “H” of 
. pulse is oe 
| 1 


selected clock frequency ue 





: and the output pulse perlog is 


1: | is 
“selected clock frequency ne 1). 





_. An interrupt request signal is generated and the interrupt 


request bit in the timer Ai interrupt control register is set at 
each fall of the output pulse. 
- The width of the output pulse is Seog by updating timer 


data. The update can be performed at any time. The output » 


pulse width is changed.at the rise of the pulse after data is 
written to the timer. | ; 

The contents of the reload register are transferred to the 
_ counter just before the rise of the next pulse so. that the 
‘pulse width is changed from the next output pulse. 
Undefined data is read when timer Ai is read. — 

‘The 8- bit length pulse width modulator is described next. 


The. 8-bit length pulse width modulator is selected when 3 


the timer Ai mode register bit 5 is “1”. 


~ The reload register ana the counter are both divided into 8. 


bit halves. ; 
The low order 8 bits function as a prescaler and the high 


In pulse 


order 8 bits function as the 8-bit length pulse width modula- 


tor. The prescaler counts the clock selected by bits 6 and 


7. A pulse is generated when the counter reaches 0000;, 
as shown in Figure 26. At the same time, the contents of 


the reload register is transferred to the counter and count is: 
continued. 


| Addresses 
Timer AO mode register 5616 


Timer A1 mode register 5716 
Timer A2 mode register. 5816 
Timer A3 mode register 5916 


Timer AA mode register 5Ai6 


‘ Always ‘ ‘11” in pulse width modulation 
mode 


- Always “1” in pulse width modulation | 
mode 





- Software trigger 
: Trigger at the falling of TAij, input 
: Trigger at the rising of TAiiy input 





: 16 bit pulse width modulator 





: 8 bit pulse width modulator 


source selection bit 
: Select fo 
: Select fie 
: Select tea. 


: Select fs;2 — 





Fig. 24 Timer Ai mode register bit configuration during. 


pulse width modulation mode 
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Therefore, if the low order 8-bit of the reload register is n, the length is 8 bits. If the high order 8-bit of the reload reg- 
the period of the generated pulse is ister is m, the duration “H” of pulse is 


\ 1 
‘selected clock frequency *‘" <i * selected clock frequency X(n-+1)X m 


The high order 8-bit function as an 8-bit length pulse width And the output pulse period is 
modulator using this pulse as input. The operation is the 1 x(n +1) (28—1) 
same as for 16-bit length pulse width modulator except that selected clock frequency 


1/fjX (2'®—1) 


inn: 


Selected clock ro 
1 ' 
source fi I 


TAiin | t 
(in case of the | |S This trigger is not accepted 
rising edge) 


| | 
| 1/f|X (m) | : ; 


Example when the contents of the reload register is 0003;. 





| Fig. 25 16-bit-length pulse width modulator output pulse example 


1/fX (n-+1) X (28-1) 


Selected clock 
source fj 


(i 


Prescaler output 


(when n =2) 


8-bit length pulse 
width modulator | 


output 


(when m =2) 





Fig. 26 8-bit length pulse width modulator output pulse example 
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TIMER B 


Figure 27 shows a block diagram of timer B. 


a Timer B has three modes; timer. mode, event counter mode, 


and pulse period measurement/pulse width measurement 
mode: The mode is selected with bits 0 and.1 of the timer 
Bi mode register (i =0 to 2). Each of these modes is de- 
scribed below. 


(1) Timer mode (00) 


Figure 28 shows the bit configuration of the timer Bi mode 
register during timer mode. Bits 0, and 1 of the timer Bi | 


mode register must always be “0” in timer mode. 


Bits 6 and. 7 are used to select the clock source. The 
counting of the selected clock Starts when the count start. 


_ flag “1” and stops when “0”. 


Clock source selection 


. * Timer 
fo ——O 


fig —O> x a - width measurement 


; fea oa © 
fs12 —-#-O 


Polarity selection Event counter 
and edge pulse O 
generator . 


TBiy 
K (i=0~2)O | 


* Pulse period measurement/pulse 


Count start flag 


(406) 


_As shown in Figure 13, the timer Bi count start flag is at the 
‘same address as the timer Ai count start flag. The count is 


decremented, an interrupt occurs, and the interrupt request 
bit in the timer Bi interrupt control register is set when the 
contents becomes 0000;.. At the same time, the contents of 
the reload register is ‘stored in the counter and count is 
continued. 

Timer Bi does not have a pulse output function or a gate 
function like timer A. : 

When data is written to timer Bi halted, it is written to the 
reload register and the counter. When data is written to 
timer Bi which is busy, the data is written to the reload reg- 
ister, but not to the counter. The counter is reloaded with 
new data from the reload register at the next reload time. 
The contents of the counter can be read at any time. 


g bower 8 Bia , (Higher 8 bits) 


Reload register ( ray 


Addresses 


Counter(16) Timer BO 5116 5016 
Timer BY 5316 52i6 


Timer B2 5546: 5446 


_ Counter reset 


Fig. 27 Timer B block diagram 





circuit 
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(2) Event counter mode (01) 
Figure 29 shows the bit configuration of the timer Bi mode _. Addresses 
: ; Timer BO mode register 5Bi¢ 

register during event counter mode. In event counter mode, - 

the bit 0 in the timer Bi mode -egister must be “1” and bit 1 | Timer B1 mode register 5Cy, 
must be “0”. : Timer B2 mode register 5D, 
The input signal from the TBiy pin is counted when the 
count start flag is “1” and counting is stopped when it is “O”. 
Count is performed at the fall of the input signal when bits 
2, and 3 are “0” and at the rise of the input signal when bit 
3 is “0” and bit 2 is “1”. 

When bit 3 is “1” and bit 2 is “O”, count is performed at the 
rise and fall of the input signal. 

Data write, data read and timer interrupt are performed in 


0 0 : Always “00” in timer mode 


XX : Not used in timer mode and 
may be any 


Timer Bi overflow flag 
Clock source selection bit 
00 : Select f, 


01 : Select fy, 





the same way as for timer mode. | 10 + Select fea 
(3) Pulse period measurement/pulse width 11! Select fe. 

measurement mode (1 0) | Fig. 28 Timer Bi mode register bit contiguration during °: 
Figure 30 shows the bit configuration of the timer Bi mode timer mode 


register during pulse period Messanenipules width 
measurement mode. 





In pulse period measurement/pulse width measurement ; Addresses 
mode, bit 0 must be “0” and bit 1 must be “1”. Bits 6 and 7 Timer BO mode register “5B1., 
are used to select the clock source. The selected clock is | | Timer B1 mode register 5C4¢ 
| counted when the count start flag is “1” and counting stops Timer B2 mode register 5D4¢ 
when it is “O”. 
The pulse period measurement mode is selected when bit 07 pai “01” in event counter 
3 is “0”. In pulse period measurement mode, the selected 233 ! : Count at the falling edge of 
clock is counted during the interval starting at the fall of the | input signal 
input signal from the TBijy pin to the next fall or at the rise en cna rising edge of 
of the input signal to the next rise and the result is stored in | — : Count at the’ both falling edge 
the reload register. In this case, the reload register acts as | and rising edge of input signal 
a buffer register. | ——————— Timer Bi overflow flag 
When bit 2 is “0”, the clock is counted from the fall of the ; ee XX | Not used in event counter mode 
input signal to the next fall. When bit 2 is “1”, the clock is — sesecn! 
counted from the rise of the input signal to the next rise. Fig. 29. Timer Bi mode register bit configuration during 
In the case of counting from the fall of the input signal to event counter mode. 
- the next fall, counting is performed as follows. As shown in 7 _ 
Figure 31, when the fall of the input signal from TBiy pin is | , Addresses 
detected, the contents of the counter is transferred ‘to the | aaa ics Paaeee oer 
reload register. Next the counter is cleared and count is 765 A 32 ; Q_ | Timer B1 mode register 5C;¢ 
started from the next clock. When the fall of the next input | | Timer B2 mode register 5Dj, 
signal is detected, the contents of the counter is transferred | : 10 : Always “10” in pulse period | 
to the reload register once more, the counter is cleared, eee ee a 
~ and the count is started. The period from the fall of the in- 3 0 0 : Count from the falling edge of 
. , , ae input signal to the next falling one 
| put signal to the next fall is measured in this way. 0 1 : Count from the rising edge of 


input signal to.the next rising one 


1-0 : Count from the falling edge of 

input signal to the next rising one 
and from the rising edge to the 
next falling one 


- Timer Bi overflow flag 


Clock source selection bit 
00 : Select fo 


01 ° Select fi, 
10 : Select fg, 
1 1 : Select fs12 
Fig. 30 Timer Bi mode register bit configuration during 
pulse period measurement/pulse width - 
measurement mode | . 


@ wirsuBisH 4 2* ©¢© 5 9% 
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After the contents of the counter is transferred to the reload 
register, an interrupt request signal is generated and the 
interrupt request bit in the timer Bi interrupt control register 
is set. However, no interrupt request signal is generated 
when the contents of the counter is transferred first time to 
the reload register. after the count start flag is set to “1”. 


When bit 3 is “1”, the pulse width measurement mode is” 


selected. Pulse width measurement mode is similar to 
pulse period measurement: mode except that the clock is 


counted from the fall of the TBijn pin input signal to the next | 


rise or from the rise of the input signal to the next fall as 


Selected clock 
source fj 


Reload register « counter 


shown in Figure 32. 


When timer Bi is read, the contents of the reload register is 


read. 

Note that in this mode, the intervat between the fall of the 
TBiy pin input signal to the next rise ‘or from the rise to the 
next fall must be at least two cycles of the timer count 
source. 

Timer Bi overflow flag. which is bitS a timer Bi mode regis- 
ter is set to “1” when the timer Bi counter reaches 0000;... 
This flag is cleared by writing to corresponding timer Bi: 
mode register. This bit is set to “1” at reset. 


. Counter-Q © : . [| . . | | 


Count start flag 


Interrupt request signal 


Fig. 31 
| next falling one) 


- Selected clock ™ 
source fj 


“Reload register + Counter 


Counter+-0 


Count start flag 


_ Interrupt request signal 


Fig. 32 Pulse width measurement mode operation 


| 
] 
| 
| 
= 
7 
| 
| 
| 





Pulse period measurement mode operation (example of measuring | the interval between the falling edge. to 
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SERIAL /O PORTS widen and stop bits. 


Two independent serial |/O ports are provided. Figure 33 Figures 35 and 36 show the connections of receiver/trans- 
shows a block diagram of the serial I/O ports. mitter according to the mode. 


Bits 0, 1, and 2 of the UARTi (i =O, 1) Transmit/Receive Figure 37 shows the bit configuration of the UARTIi transmit/ 
mode register shown in Figure 34 are used to determine receive control register. 

whether to use port P8 as parallel port, clock synchronous § Each communication method is described below. 

serial I/O port, or asynchronous (UART) serial I/O port us- _ & 


Data bus(odd) 


oneeerenn 


Data bus( even) 


10101010] 0/0] 0 |Ds|D7|De|D5|/D.]D3|/D2|D,|Do] Receive buffer register 


UART0(3716, 36;6) 
UART1(3F16, 3E,6) 


[Receive register 
UART receive | 


Receive : 
Se Eoairol Receive clock 


circuit 


Bit rate Clock synchronous © | 
generator UART t onl 
| i ransmissi 
Clock source selection ie bidet 


UART0(3146) 


: Transmission clock 
‘ontrol circuit 
UART1( 3946) Clock synchronous 
Internal Clock synchronous 


fea ~o (Internal clock) ] 
Ou de — 
Paes 1/2 Divider O Transmission register 


fs12—o 


fo ——o 
fie —O 


External Clock synchronous . Clock synchronous 


| (internal clock) (External clock) Transmission 
CLKi C}— ~<f- Sale _— buffer register 


oe en . - UARTO(3346, 3216) 
CTSi/RTSi | UART1(3Bi6, 3Ai6) 
(}+——— ———_—__—__ Data bus 
. (odd) 


Data bus( even) 























Fig. 33 Serial I/O port block diagram 


Addresses 

LER eR ee! UART 0 Transmit/Receive mode register 3046 
UART 1 Transmit/Receive mode register 3816 
Serial communication method selection bit 
0 
0 
1 
1 


: Parallel! port 
Clock synchronous 
: 7-bit UART 
> 8-bit UART 
110 29-bit UART 
-Internal clock/External clock selection bit 
_ 0 : Internal clock 


.1.! External clock 


Stop bit length selection bit 


0 : 1 stop bit 
1 : 2 stop bits 
—Even/Odd parity selection bit 
0 : Odd parity 
_ | + Even parity 
Parity enable seléction bit 
0 : Noparity 
1 2 With parity 
Sleep selection bit 
0 : Nosleep: 
1 : Sleep 


| Fig. 34 UART i Transmit/Receive mode ees bit configuration 

















MITSUBISHI «= oe 





MITSUBISHI MICROCOMPUTERS 


37702M2- XXXFP, M37702M2AXXXFP 
| _M37702M2BXXXFP, M37702S1FP 
M37702S1AFP, M37702S1BFP | 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


‘ iv iffe: 7 
Geer ee Peletete teeta Te reiter — 


2 stop bit Parity SeoAais tbl EA 
Stop JO | Stop. Parity) On 9 bit Z | Receive 
bit’ bit bit 


register 





; 7 bit 
1 stop bit 8 hit 7 bit - 


Synchronous 


Synchronous 





Fig. 35 Receiver block diagram 








= ierer eter rere bute register 


2 stop bit . . it 
i 7 bit ' . x a 
Stop Stop Oy, Parity [JO _ 6 
bit bit ae 


- bit ONo On, 


parity 
= Transmission agisier 
1 ae bit Synchronous 


sa 





Fig. 36 Transmitter block diagram 


} 


‘Addresses 


) pox | hee 0 Tansmilynecewe control register 0 i 


UART 1 Transmit/Receive control register0.  3C46 


Clock source selection bit | 
00 : Select fo 


01 : Select f1i6 
10 : Select fe, 

1-1 Select fs;.  * 
=a CTS, RTS Selection bit 
0 : Select CTS 
1 : Select RTS 





3) 


— Transmission register empty bit 


| | | ~-. Addresses © 
UART 0 Transmit/Receive control register 1 3546 | 
eee Te Te ree 1 Transmit/Receive control ae ot 1, 3Di6 
) Transmit enable flag 
Transmit buffer empty flag 
: Receive enable flag 
— Receive completion flag 
| Overrun error flag 








Framing error flag 


. eee ee Parity error flag 
J pects See Se Error sum Nags. 








Fig. 37 UARTi Transmit/Receive control register bit configuration 
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CLOCK SYNCHRONOUS SERIAL 
COMMUNICATION 

A case where communication is performed between two 
clock synchronous serial 1/O ports as shown in Figure 38 
will be described. (The transmission side will be denoted 
by subscript j and the receiving side will be denoted by 
subscript k.) | 

Bit 0 of the UARTj] transmit/receive mode register and 
UARTK transmit/receive mode register must be set to “1” 
and bits 1 and 2 must be “0”. The length of the transmission 
data is fixed at 8 bits. 

Bit 3 of the UARTj transmit/receive mode register of the 
clock sending side is cleared to “0” to select the internal 
clock. Bit 3 of the UARTk transmit/receive mode register of 
the clock receiving side is set to “1” to select the external 
clock. Bits 4, 5 and 6 are ignored in clock synchronous 
mode. Bit 7 must always be “0”. 


The clock source is selected by bit 0 (CS,) and bit 1 


(CS,) of the clock sending side UARTj transmit/receive 
control register 0. As shown in Figure 33, the selected 
clock is divided by (n +1), then by 2, passed through a 
transmisson control circuit, and output as transmisson clock 
CLKj. Therefore, when the selected clock is fi, 


Bit Rate=fi/ { (n +1) x2} 


On the clock receiving side, the CS, and CS, bits of the 
UARTK transmit/receive control register are ignored be- 
cause an external clock is selected. 

The bit 2 of the clock sending side UART] | transmit/receive 
control register is clear to “O”to select CTSj input. The bit 2 
of the clock receiving side is set to “1” to select RTSk out- 
put. CTS, and RTS signals are described later. 


Transmission 
Transmission is started when the bit 0 (TEj flag) of UARTj 


transmit/receive control register 1 is “1”, bit 1 is (TIj flag) © 





of one is “0”, and CTSj input is “L”. As shown in Figure 39, 
“data is output from TxDj pin when transmission clock CLKj 
changes from “H” to “L”. The data is output from the least 
significant bit. : 

The Tlj flag indicates whether the transmission buffer regis- 
ter is empty or not. It is cleared to “0” when data is written 
in the transmission buffer register and set to “1” when the 
contents of the transmission buffer register is transferred to 
the transmission register. 
When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally from the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. If the bit 2 of UARTj transmit/receive control register 0 


is “1”, CTSj input is ignored and transmission start is con-— 
trolled only by the TEj. flag and Tlj flag. Once transmission — 





has started, the TEj flag, Tlj flag, and CTSj signals are 
ignored until data transmission completes. Therefore, trans- 


mission is not interrupt when CTSj input is changed to oy 
during transmission. 

The transmission start condition indicated by TEj flag, Tlj 
flag, and CTSj is checked while the Tenoj signal shown in 
Figure 39 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission buffer register and Tlj flag is cleared to “0” before 
the Tenpj signal goes “H”. 

The bit 3 (TxEPTY} flag) of UART} fransmitrecsive control 
register 0 changes to “1” at the next cycle after the TeNDj 
signal goes “H” and changes to “0” when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmission has completed. 

When the Tlj flag changes from “0” to “1”, the interrupt re- 
quest bit in the UART]j transmission interrupt control regis- 


_ ter is set to “1”. 


Receive 

Receive starts when the bit 2 (REx flag) of UARTk trans- 
mit/receive control register 1 is set to “1”. 

The RTSk output is “H” when the REx flag is “O” and goes 
“L” when the REk flag changed to “1”. It goes back to “H” 
when receive starts. Therefore, the RTS, output can be 
used to determine whether the receive register is ready to 
receive. It is ready when RTS output is “L”. 

The data from the RxDk pin is retrieved and the contents of 
the receive register is shifted by 1 bit each time the trans- 
mission clock CLKj changes from “L” to*H”. When an 8-bit — 











data is received, the contents of the receive register is 
_ transferred to the receive buffer register and the bit 3 (RIk 


flag) of UART transmit/receive control register 1 is set to 
“1”. In other words, the setting of the Rlk flag indicates that 
the receive buffer register contains the received data. At 
this point, RTSj output goes “L” to indicate that the next 
data can be received. When the Rik flag changes from “0” 
to “1”, the interrupt request bit in the UART receive inter- 


upt control register is set to “1”. Bit 4 (OER flag) of 


UARTk transmit/receive control register is set to “1” when 
the next data is transferred from the receive register to the 
receive buffer register while Rik flag is “1”, and indicates 
that the next data was transferred to the receive register 
before the contents of the receive buffer register was read. 
Rlk and OER k flags are cleared automatically to “O” when 
the low-order byte of the receive buffer register is read. 
The OERk flag is also cleared when the RE flag is 
cleared. Bit 5 (FER flag), bit 6 (PERK flag), and bit 7. 


-(SUMk flag) are ignored in clock synchronous mode. 


As shown in Figure 33, with clock synchronous serial com-. 
munication, data cannot be received unless the transmitter _ 
is operating because the receive clock is created from the 


transmission clock. Therefore, the transmitter must be oper- 


ating even when there is no data to be sent from UART to 
UART}. 3 
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UART transmission register - “ 
UART , transmission register 


UART; transmission register — 









__UART] transmission 
buffer register 









| UARTx receive buffer register 


UART, receive register 


| UART} receive buffer register 


vé 


oS UART) receive register 






























UART;, Transmit/Receive mode register 


po} x{x]xfifofoli] 


. UART, Transmit/Receive control 
| register 0 


LEKKED ET 


_ UART, Transmit/Receive control 
register 1 


~ feeder] renfocn] ss fne [re] 


UART; Transmit/Receive mode register 


ix |x] xfofofo] i] 


UART} Transmit/Receive control 
register 0 ~ - 


PRD DET less 


UART; Transmit/Receive control 


' register 1 
pore ee] ee] [ 






Fig. 38 Clock synchronous serial communication. 


Transmission _ . | at 1/8 X (1) X2- . 


clock 








TEj 






THe 


Write in transmission buffer register Transmission register--Transmission buffer register 
















CTs) | | | 

| | aaa ae dl 1/f,X(n+1)X2. 0° ne oe ods Stopped because TEj= “9” 
CLKj. . ? 6 

_ Tenoj hn pS | : | iy -. 

THD) XRoXDHXODKONONKONKOr XOXO NOAXDSXDIXOSKON{Or___XDoKDIXD2KDsKDaXDsX Dor | 
TxEPTY); J] | at —_ o | | ' 






Fig. 39 Clock synchronous serial 1/0 timing © 
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ASYNCHRONOUS | 

SERIAL COMMUNICATION 

Asynchronous serial communication can be performed us- 
ing 7-, 8-, or 9-bit length data. The operation is the same 
for all data lengths. The following is the description for 8-bit 
asynchronous communication. 

With 8-bit asynchronous communication, the bit 0 of UARTi 
transmit/receive mode register is “1”, the bit 1 is “O”, and 
the bit 2 is “1”. 

Bit 3 is used to select an internal clock or an external 
clock. If bit 3 is “O”, an internal clock is selected and if bit 3 
is “1”, then external clock is selected. If an internal clock is 
selected, the bit 0 (CS) and bit 1 (CS,) of UARTI transmit/ 
- receive control register 0 are used to select the clock 
source. When. an internal clock is selected for asynchro- 
nous serial communication, the CLK pin can be used as a 
normal |/O pin. | 


—> f= (1/f, or 1/fext) X (n+1) X16 | 


Transmission clock. 
TEj 


Th a 


Write in transmission buffer regisger 
CTSj 


TENbi 


"eet bit 


TXEPTY; - 


Parity bit Stop bit 


110) TO OOOO ee HODDOOOONS 
ce a ee | es oc ee 





The selected internal or external clock is divided by (n+1), 


then by 16, and passed through a control circuit to create 


the UART transmission clock or UART receive clock, 

Therefore, the transmission speed can be changed by 
changing the contents n of the bit rate generator. If the | 
selected clock is an internal clock fi or an external clock . 


fext, 
Bit Rate =(fj or fxr) n (n+1) )X16 | 


Bit 4 is the stop bit ogi selection bit to select 1 sige bit 
or 2 stop bits. 

The bit 5 is a selection bit of odd parity or even parity. ' 

In the odd parity mode, the parity bit is adjusted so that the 
sum of the 1’s in the data and parity bit is always odd. 

In the even parity mode, the parity bit is adjusted so that 
the sum of the 1’s in the data and parity bit is always even. 


Transmission register +-Transmission 


buffer register 


eee because TE= it Ol 


ST KDoKD;) 


Fig. 40 Transmit timing example when 8-bit asynchronous communication with parity and 1 stop bit is selected 


Transmission clock 
TEj 


| Tj 


Write in transmission buffer register 


TENbi 


Start bit 


—=t—be— (1/f, or 1/fexr) X (n +1) X16 


Transmission register--Transmission 


buffer register 


Stop Bit Stop Bit 


DO JOOOTOOOOU)= ATOOOGOOOQOO™ # 


TXEPTY; 


Fig. 41 


Pte 





Transmit timing example when 9-bit asynchronous communication with no parity and 2 stop bits is selected 
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Bit 6 is the parity bit selection bit which indicates whether 
to add. parity bit or not. : 
Bits 4 to 6. should be set or reset seécoranig to the data for- 
mat of the communicating devices. . 
Bit 7 is the sleep selection bit. The. sleep mode is de- 
scribed later. | 

The UART; transmit/receive control regisger 0 bit 2 is used 
to determine whether to use CTSj input or RTSj_ output. 
CTSj input used if bit 2 is “0” and RTSj output is used if bit 
2is “1”. 





lf CTS; input is selected, the « user can control whether to. 





stop or start transmission by external CTS; input. RTS will 
be aeserped aleh: 


Transmission 
Transmission is started when the bit 0 (TEi flag) of UART; 


transmit/receive control register 1 is “1”; the bit 1 (Tlj flag) | 





is “0”, and CTS; input is “L” if CTSj input is selected. As 
shown in Figure 40 and 41, data is output from the TxDj pin 


with the stop bit and parity bit specified by the bits 4 to 6 of | 


UARTj transmit/receive mode register bits. The data is out- 
put from the least significant bit. 

The Tlj flag indicates whether the transmission butter is 
empty or not. It is cleared to “0” when data is written in the 
transmission buffer and set to “1” when the contents of the 


transmission buffer register is transferred to the transmis- — 


sion register. 


{ 
\ 


When the transmission register becomes empty after the 


contents has been transmitted, data is transferred automati- 


cally form the transmission buffer register to the transmis- 
sion fegister if the next transmission start condition is satis- 
fied. 

Once transmission has dared the TEj fag, Tlj flag, and 
CTS; signal (if CTSj input is selected) are ignored until 





_ data transmission is completed. 


Therefore, transmission does not stop until it completes: 
even if the TEj flag is cleared during transmission. 

The transmission start condition indicated by TE; flag, Tli 
flag, and CTS} is checked while the Tenpi signal shown in 
Figure 40 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission butter register and Tlj. Nag. is cleared to 0 before. 
the Tenpi signal goes “H”. 

The bit 3 (TxEPTYj; flag) of UART| transmit/receive control 
register 0 changes to “1” at the next cycle after the TeENDi 
signal goes “H” and changes to “0” when transmission : 
starts. Therefore, this flag. can be used to actermine 


whether data transmision is completed. 


When the Tlj flag changes from “0” to “1”, the interrupt re- 


— quest bit in the UART} transinissoin interrupt control regis- 


ter is set to “1”. 


Receive | 


Receive is enabled when the bit 2 (REj flag) of UART) 
transmit/receive control register 1 is set. As shown. in Fi- 
gure 42, the frequency divider circuit at the receiving end — 
begin to work when a start bit is arrived and the data is re- — 
ceived. 


ferfee UUUULUUUUL UU LULL 
' - ; ‘ 


REj 
RxD; 


Receive 
Clock ® p 
Starting at the falling 
edge of start bit. 

Rij 





Stop bit Start bit . 


Fig. 42 Receive timing example when 8-bit asynchronous communication with no parity and 1 stop bit is selected 
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If RTS} output is selected by setting the bit 2 of UART; 
transmit/receive control register 0 to “1”, the RTSi output is 
“H” when the REj flag is “O”. When the REj flag changes to 
“1”, the RTSi output goes “L” to indicate receive ready and 
returns to “H” once receive has started. In other words, 
RTS; output can be used to determine externally whether 
the receive register is ready to receive. 

The entire transmission data bits are received when the 
start bit passes the final bit of the receive block shown in 
Figure 35. At this point, the contents of the receive register 
is transferred to the receive buffer register and the bit 3 of 
UARTj transmit/receive control register 1 is set. In other 
words, the Rlj flag indicates that the receive buffer register 
contains data when it is set. If RTS; output is selected, RTS; 
output goes “L” to indicate that the register is ready to re- 
ceive the next data. 

The interrupt request bit in the UARTj receive interrupt 
control register is set when the Rlj flag changes from “0” to 
The bit 4 (OER; flag) of UART; transmission control register 
1 is set when the next data is transferred from the receive 
register to the receive buffer register while the Rlj flag is 
~“4”_ In other words when an overrun error occurs. If the 
OERj flag is “1”, it indicates that the next data has been 
transferred to the receive buffer register before the con- 
tents of the receive butter register has been read. . | 

Bit 5 (FER; flag) is set when the number of stop bits is less 
than required (framing error). 

Bit 6 (PERj flag) is set when a parity error occurs. 

Bit 7 (SUMj flag) is set when either the OER; flag, FER; 
flag, or the PERj flag is set. Therefore, the SUM; flag can 
be used to determine whether there is an error. | 


The setting of the Rlj flag, OER; flag, FER; flag, and the | 


PERI flag is performed while transferring the contents of 


the receive register to the receive buffer register. The Rlj | 


OERj, FER), PERi, and SUMj flags are cleared when the 
low order byte of the receive buffer register is read or 
when the REj flag is cleared. 


Sleep mode | 

The sleep mode is used to communicate only petweel cer- 
tain microcomputers when multiple microcomputers are 
connected through serial /O. . 
The sleep mode is entered when the bit 7 of UART; trans- 
' mit/receive mode register is set. 
The operation of the sleep mode for an 8-bit asynchronous 
communication is described below. 

When sleep mode is selected, the contents of the receive 


register is not transferred to the receive buffer register if : 


bit 7 (bit 6 if 7-bit asynchronous communication and bit 8 if 


9-bit asychronous communication) of the received data is . 


“0”, Also the RIj, OER), FERj, PER|, and the SUM; flag are 
_unchanged. Therefore, the interrupt request bit of the 
UART}| receive interrupt control register is also unchanged. 


Normal receive operation takes place when bit 7 of the re- 
ceived data is “1”. 

The following is an example of how the siéap mode can be 
used. 

The main microcomputer first sends data with bit 7 set to 
“1” and bits 0 to 6 set to the address of the subordinate 
microcomputer which wants to communicate with. Then all 
subordinate microcomputers receive the same data. Each 
subordinate microcomputer checks the received data, 
clears the sleep bit if bits 0 to 6 are its own address and 
sets the sleep bit if not. Next the main microcomputer 
sends data with bit 7 cleared. Then the microcomputer with 
the sleep bit cleared will receive the data, but the micro- 
computer with the sleep bit set will not. In this way, the 
main microcomputer is able to communicate with only the 
designated microcomputer. | 
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A-D CONVERTER 


The A-D converter is an 8-bit successive approximation | chee 0.! Sr Ae 8 2:1 0 | Address 


| converter. : il abe er ete es 4] -A-D control register 1 1Ei4¢6 
Figure 43 shows a block diagram of the A- D converter and | Analog input selection bit: 
Figure 44 shows the bit configuration of the A-D control 000 : Select ANo 


register. The frequency of the A-D converter operating - Select AN; 


clock $,p is selected by the bit 7 of the A-D control regis- 

ter. When bit 7 is “0”, gap is the clock frequency divided by 
8. That is, ¢ap=f(Xiy)/8. When bit 7 is “1”, dap is the clock 
frequency divided by 4 and $ap is=f(Xn)/4. The ¢ap dur- | -t Select AN, | 
ing A-D conversion must be 250kHz minimum because the —- A-D operation mode selection bit 
comparator consists of a capacity coupling amplifier. 7 | (00 ¢ One-shot mode 

ar | , on 3 0 1 | Repeat mode 
The operating mode is selected by the bits 3 and 4 of A-D 1 0 : Single sweep mode 
control register, The available operating modes are one- | -1 1! Repeat sweep mode 
shot, repeat, single sweep, and repeat sweep. a . | are Trigger selection bit 
The bit of data direction register bit corresponding to the : pail ieee 
. in 

A-D converter pin must be “0” (input mode) because the | = AeDiconversion ian flag 

analog input port is shared with port P7. : | 2 _ 0 : Stop A-D conversion 


The operation of each mode is described below. _ 3 | 1: Start A-D conversion 
| : _ a Frequency selection flag 


0 : Select f(Xin)/8 
1 : Select f(Xin)/ 4 


: Select AN. 


0 

1 

11 : Select AN, . 
00 : Select AN, 
01 : Select ANs 

10 : Select ANg 

1 





Fig. 44 A-D control register bit configuration 


A-D conversion speed selection 


Sree 
. pe a Comparator 


_ Data bus (even) 








Selector 


Fig. 43. A-D converter block diagram 
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(1) One-shot mode (00) 

The A-D conversion pins are selected with the bit 0 to 2 of 
A-D control register. A-D conversion can be started by a 
software trigger or by an external trigger. 

A software trigger is selected when the bit 5 of A-D control 
“register is “O” and an external trigger is selected when it is 
al (uae : 

When a software trigger is selected, A-D conversion is 
started when bit 6 (A-D conversion start flag) is set. A-D 
conversion ends after 57 ¢?,p cycles and an interrupt re- 
quest bit is set in the A-D conversion interrupt control reg- 
ister. At the same time, A-D control register bit 6 (A-D con- 
version start flag) is cleared and A-D conversion stops. The 
result of A-D conversion is stored in the A-D register cor- 
responding to the selected pin. 

If an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is “1” and the ADypg in- 
put changes from “H” to “L”. In this case, the pins that can 
be used for A-D conversion are ANy to ANg because the 
. ADrrg pin is shared with the analog voltage input pin ANz. 
The operation is the same as with software trigger except 
that the A-D conversion start flag is not cleared after A-D 
conversion and a retrigger can be available during A-D 
conversion. 

(2) Repeat mode (01) . 

The operation of this mode is the same as the operation of 
one-shot mode except that when A-D conversion of the 
selected pin is complete and the result is stored in the A-D 
register, conversion does not stop, but is repeated. Also, no 
interrupt request is issued in this mode. Furthermore, if 
-_software trigger is selected, the A-D conversion start flag is 
not cleared. The contents of the A-D register can be read 
at any time. 

(3) Single sweep mode [10) 

In the sweep mode, the number of analog input pins to be 
swept can be selected. Analog input pins are selected by 
bits 1 and 0 of the A-D sweep pin selection register (1Fi¢ 
address) shown in Figure 45. Two pins, four pins, six pins, 
or eight pins can be selected as analog input pins, de- 
pending on the contents of these bits. 

A-D conversion is performed only for selected input pins. 
- After A-D conversion is performed for input of ANo pin, the 
conversion result is stored in A-D register 0, and in the 
same way, A-D conversion is performed for selected pins 
one after another. After A-D conversion is performed for all 
selected pins, the sweep is stopped. 

A-D conversion can be started with a software wigade or 
with an external trigger input. A software trigger is selected 
when bit 5 is “O” and an external trigger is selected when it 
sor, : 

When a software trigger is selected, A-D conversion is 
_ started when A-D control register bit 6 (A-D conversion 
start flag) is set. When A-D conversion of all selected pins 
end, an interrupt request bit is set.in the A-D conversion in- 








terrupt control register. At the same time, A-D control regis-. 
ter bit 6 (A-D conversion start flag) is cleared and A-D 
conversion stops. 

When an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is “1” and the ADyrg in- 
put changes from “H” to “L”. In this case, the A-D conver- 
sion result of the trigger input itself is stored in the A-D 
register 7 because the ADrrg pin is shared with AN7 pin. 
The operation is the same as done by software trigger ex- 
cept that the A-D conversion start flag is not cleared after 
A-D conversion and a retrigger can be available during A-D 
conversion. | | 

(4) Repeat sweep mode (11] 


The difference with the single sweep mode is that A-D 








‘conversion does not stop after converting from the ANo pin 
‘to the selected pins, but repeats again from the ANo pin. 


The repeat is performed among the selected pins. Also, no 
interrupt request is generated. Furthermore, if software trig- 
ger is selected, the A-D conversion start flag is not cleared. 
The A-D register can be read at any time. 


A-D sweep pin 
selection register 


Address _ 


> ANo, AN, (2 pins) 
> ANo~ANs (4 pins) 
> ANo~ANs (6 pins) 





Fig. 45 A-D sweep pin selection register configuration 
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WATCHDOG TIMER: 


The watchdog timer is used to detect unexpected execu- _ 


_ tion sequence caused by software run-away. 
Figure 46 shows a block diagram of the watchdog timer. 
“The watchdog timer consists of a 12-bit binary counter. 


The watchdog timer counts the clock frequency divided by 


32, (fg2) or by 512 (fs12). Whether to count faz or fs12 is de- 
termined by the watchdog timer frequency selection flag 
“shown in Figure 47. f512 is selected when the flag is “0” and 
fzo is selected when it is “1”. The flag is cleared after reset. 
FFF, is set in the watchdog timer when “L” or 2Vcc is ap- 
plied to the RESET pin, STP instruction is executed, data is 
written to the watchdog timer, or the most significant bit of 
the watchdog timer become “0”. | 

After FFF,, is set in the watchdog timer, the contents Pe 
watchdog timer is decremented by one at every cycle of 
selected frequency fz. or fs12, and after 2048 counts, the 
most significant bit of watchdog timer become “0”, and a 


watchdog. timer interrupt request bit is set, and FF Fig is 


preset in the watchdog timer. 


Normally, a program is written so that data is written in the 


watchdog timer before the most significant bit of the watch- 
dog timer become “0”. If this routine is not executed due to 
unexpected program execution, the most significant bit of 
the watchdog timer become eventually “0” and an interrupt 
is generated, — 
- The processor can be reset by setting the bit 3 (software 


reset bit) of processor mode register described in Figure a 


10 in the interrupt section and generating a reset pulse. 


_. The watchdog timer stops its function when the RESET pin 


voltage is raised to double the Voc voltage. 
The watchdog timer can also be used to recover from when 


_ the clock is stopped by the STP instruction. Refer to the 


section on clock generation circuit for more details. 
The watchdog timer hold the contents .during a hold state 
and the iequency is stopped to input. 





Watchdog timer | . 
frequency selection (connection forced to faz during | 
STP instruction execution) 


2Vcc 
detection 
circuit 


STP instruction 


Address | 


<i Watchdog timer 6lie 
frequency selection 


0 : Select fs1. 


1 : Select fz0 





Fig. 47 Watchdog timer frequency selection flag 
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RESET CIRCUIT | 
Reset occurs when the RESET pin is returned to “H” level 
after holding it at “L” level when the power voltage is at 5V M37702M2-XXXFP 
+10%. Program execution starts at the address formed by 
setting the address pins Ao3~ Aig to 0016, Ais ~~ Ag to the 
contents of address FFFF 1.6, and A7~ Ag to the contents of 
address FFFEj.. 
Figure 48 shows the status of the internal registers when a 
reset occurs. 
Figure 49 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.9V or lower when the power vol- _ 
tage reaches 4.5V. | | , Fig. 49 Example of a reset circuit (perform careful 

. evaluation at the system design level before using) 

















Address Address 





(1) Port PO data directional register (044,)-:- 0046 (9) Processor mode register (5Ey6) °° 0046 


(2) Port P1 data directional register (054,¢)--- Watchdog timer . (6046) °°" FFFie 


XDD? 


(4) Port P3 data directional register (094.6): MXDX)X] 0 | 0 lo 0} (32) A-D conversion interrupt control register (7016)°* XPX)X] 0 0 | 0 0 


(3) Port P2 data directional register (08,6)-°- 0016 (31) Watchdog timer frequency selection flag (6146)°°° 


ay 
7 


id 








: 















































XDxh 210] 9} 0] 
(5) Port P4, data directional register (0C,,):*: (33) UART 0 transmission interrupt control register (7146)°°° XXIKX| 0] 0| | 0 
(6) Port P5 data directional register (0D,,):": (34) UART 0 receive interrupt control register (7216)°*: XXX)X 0] 0| 0 | 0 
(7) Port P6 data directional register (104¢) (35) UART { transmission interrupt control register (7316) XR 0] 

(8) Port P7 data directional register (1146) (36) UART 1 receive interrupt control register (7446) XXX)X] 0} 0} 0 | 0| 
(9) Port P8 data directional register (144¢) G7) Timer AO interrupt control register (7546) XXX 0] 0/0 
7 ats 91919 ; i XXXX 0} 2 
” A-D control register (E16) fo}o}o}ojo}?|2|?| (38) Timer A1 interrupt control register (7616) XXX 0/0 
(11) A-D sweep pin selection register (1F,,5)::: DX PXPXDXDX XT 1114 (39) Timer A2 interrupt contro! register (7716)°"° DX DX)X] 0 | 0 | 0/0 
(12) . UART 0 Transmit/Receive mode register (3046)°°° 0046 | (40) Timer A3 interrupt control register (7846)°"° XXX) X 0 0 0/01; 
(13) UART 1 Transmit/Receive mode register (3846)°°° ~ (41) Timer A4 interrupt control ease (7916)°"° XXX] 0 /0| 0 0| 
(14) UART.0 Transmit/Receive control register0 (3446):°: 1|0/0}0| (2) Timer BO interrupt control register (7Ayg)**° x x x 010/00 
(15) UART 1 Transmit/Receive control register0 (3C4¢):°° 1/0);0;0 (43) Timer Bi interrupt control register (7Big):"* 0/0 0 0 
(16) UART 0 Transmit/Receive control tegister1 (3546)°°° 0} 0| 0| 0 }ofo} 1/0] _ 4) Timer B2 interrupt control register (7046) 0/0} 0) 0; 

(1) UART 1 Transmit/Receive control register 1 (3D46)°-- | 0 | 0 fojofofol1jo (45) INT 9 interrupt control register (7Dig)** ane 0 





pea 
ro) 
co) 
cea) 
/2 | 
ro) 





























(18) Count start flag | (4016) °° [6 (46) INT, interrupt control register Gee: 0/0/0/0/0/0 

, cau SeLeTaoo) on wr wer crw~ XQaofolo of 
(1) One-shot start flag (4246) XXX (47) INT » interrupt control register (7F 16) : 0 ‘ol o| 010 a 
(20) Up-down flag (44,6) 00;¢ . (48) Processor status register PS 00/0} 2/2] 0/0 | 0 | 1 | eas tae 
1) Timer AO mode register (56i6)°°° | - 0016 (49) Program bank register PG a 0016 








(22) Timer A1 mode register (57 16)" . 00i6 | (60) Program counterPCy. | “a 5 Content of FFFFis _| 


: 2 ~] 
23) Timer A2 mode register (5816) °"° 00:6 (51). Program counter PC, | Content of FFFE;¢ 


(24) Timer A3 mode register | (5916)-*° 00:6 (62) Direct page register DPR | 0000. 

















mitt 





(25) Timer A4 mode register » (5A) 0046 (63) Data bank register DT 0046 


| 0] +)X/olo]o 
27) Timer B1 mode register (5Cig)** }o/1 |X) of ofa! 
28) Timer B2 mode register | (5Di6)--* | 0 fof 1 |X} 0} 0] 0] 


Fig. 48 Microcomputer internal status during reset 


| 


(26) Timer BO mode register (5Big)-* 





Contents of other registers and RAM are not initialized and should be in- 
itialized by software. - 
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INPUT/OUTPUT PINS | 
Ports P8 to PO all have a data direction register and each 
bit can be programmed for input or output. A pin becomes. 
an output pin when the corresponding data direction regis-. 
ter is set and an input pin when it is cleared. | 
_ When pin programmed for output, the data is written to the | 
port latch and it is output to the output pin. When a pin is; 
programmed for output, the contents of the port latch is 
read instead of the value of the pin. Therefore, a previously 
output value can be read correctly even when the output 
“L” voltage is raised due to reasons such as Cie driving 
an LED. : 
A pin programmed for input is floating and the value input 
to the pin can be read. When a pin is programmed for in- 
put, the data is written only in the port latch and the pin 
stays floating. . 

If an input/output pin is not-used as an output port, clear 
the bit of the corresponding data direction register so that: 
the pin become input mode. | 

Figure 50 shows a block diagram. of ports Ps to PO in sing- © 
_le-chip mode.and the E pin output. . 

In| memory. expansion mode, microprocessor mode, and 
evaluation. chip mode, ports P4 to PO are also used as 
_ address, data, and control signal pins. | ; 
Refer to the section on processor modes for more details. 
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* Port PO7~P0p, P17~P 10, P27~P29, P33~P3p, P4g~P4. (Inside dotted-line not included) 
Port P4p, P4,, P4,, P57, P67~P6,, P8., P8, (Inside dotted-line included, but P85, P8, are without hysterisis) 
Data direction | _ 
register 







Data bus 


* Port P7g.~P7, (Inside dotted-line not included) 
* Port P77 (Inside dotted-line included) , 


Data direction 
register 


- Port latch i 







Data bus 






* Port P83, P8, (Inside dotted-line not included) 
Port P5p~P56, P6 (Inside dotted-line included) 


Data direction 
register 


4 of] a 
pf puto : 
inane) 
a 

| 


















Data bus 
















Data direction - 
register al 6 id 


¢ Port P8o, P8,, P84, P8, 


~ Data bus 


- Port latch } 


Fig. 50 Block diagram for ports P8 to PO in single-chip mode and the E pin output 
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PROCESSOR MODE | 
The bits O and 1 of processor mode register as shown in Fi- 
gure 51 are used to select any mode of single-chip mode, 
memory expansion mode, microprocessor mode, and eva- 
-luation chip mode. 

Ports P3 to PO and a part of port P4 are used as address, 
data, and control signal \/O pins except in single- -chip 
mode. | 
Figure 52 shows the functions of ports P4 to PO. in each 
_ mode. 
The external memory area changes when the mode 
changes. . | 
Figure 53 shows the memory map for each mode. 


Refer to Figure 1 for the memory map of the single-chip 


mode. The external memory area can be accessed except 


in single-chip mode. The accessing of the external memory | 


is affected by the BYTE pin and the bit 2 (wait bit) of pro- 
cessor mode register . These will be described next. 


i ee 





Wait bit — 
0 : Wait — 
1 : No Wait. 





Processor mode bit 


Software reset bit 


BYTE pin 


When accessing ‘the external memory, the level of ‘the 
BYTE pin is used to determine whether.to use the data bus © 
as 8-bit width or 16-bit width. 

The data bus width is 8 bits when the level of the BYTE ¢ pin 
is “H” and port P2 becomes the data 1/O pin. | 
The data bus width is 16 bits when the level of the BYTE 
pin is “L” and ports P1 and P2 become the data I/O pins. 
When accessing the internal memory, the data bus width is 
always 16 bits regardless. of the BYTE pin level. “2 
An exclusive mode in the evaluation chip mode allows the 
BYTE pin level to be set to 2°Vc¢. In this case, the opera- 
tion is slightly different from the above. This is described in 
the evaluation chip mode section. 


Address 


Processor mode register 5Eie_ 


0 0 : Single-chip mode 
0.1 : Memory expansion mode’. 
10 : Microprocessor mode 


1 1 ! Evaluation chip mode | 


Reset occurs when this bit is set to 1 





Test mode bit — 


Interrup priority resolusion time selection bit 
0 0 : Select 1/f(Xiy) X14 
01 : Select 1/f(Xiw)X 8. 


10 : Select 1/f(Xiw) 4 


_ This bit must be “0” 


Clock ¢, output selection bit | 


0 : No ¢, output 
1 2 ¢, output 


Fig. 51 Processor mode register bit configulation 
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z * . AY . ; 2 
Kem 0 J 
Microprocessor Evaluation Chip Mode 
Mode 








Same as left 


Port PO. ae _ — | Same.as left 
: Address A;~Ay | 


Ses 
Ais~A 
- sy ; Same as left 
( Address \Data( odd 


P1, : - 
P15 P1, : Ale e e 
or 2°Voc Pto 


Same as left | Port P4, P5 and their direction 
registers are treated as 16-bit wide 
_bus. If BYTE=2*Ve¢, the internal 
ROM area is also treated as 16-bit 
wide bus. 


Same as left 





(Evaluation 
chip mode 
only.) 


| - Aog~A . . | 
BYTE= “L” | 2 Dat Same as left | Same as left 
( 1/O Port ae os 
BYTE= “H”| Po E i ae es > at | | 
po A23~Ai6 | 7 Pei - = 
(Evaluation | P2, Address panto 4 Vs | P25 


= (even, odd) 
chip. mode Ys | (even, odd) 


only.) | Same as for Port P1 
E amie i : ; ; 
| PB, | | 
Port P3 ae ) |/O Port Same as left |° Same as left 
0 : 








E 


PA, — P4, =e 

N 1/O Port oe 1/O Port 
P4 _ P4, ‘- 
P4,  RDY 


register bit 7 = “0” — | ——— 
Pde HOLD 


* .When processor mode 
register bit 7 = “O” 


* When processor mode 








P4, | é | : | | | | | P4, | d | | | | | Same as left in 
1 . , Ves ; eee . 
“ oo spite of proce- 
. ssor mode re-| * 
Same as above except P4, Same as above except P4, . gister bit 7 
* When processor mode register * When processor mode register 
bit 7 = “1” . bit 7 = “1” 


Fig. 52. Processor mode and ports. P4 to PO functions 
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Wait bit : 

As shown in. Figure 54, when the external memory ; area is 
accessed with the processor mode register bit 2 (wait bit) 
cleared to “0”, the “L” width of E signal becomes twice 
compared with no wait (the wait bit is “1"). The wait bit is 
cleared to “0” at reset. | 


| The. accessing of internal memory area is performed in no 
_.. wait mode regardless of the wait bit. 


The processor modes are described below. 


Memory expansion Microprocessor Evaluation chip 


mode mode mode 


The shaded area is the external memory area. 


Fig. 53 External memory area for each processor 
- mode : : 


Internai clock¢ L 
| [Port 2 "XX oaaX KX oate X_ 
; _ Address Address 
Wait bit | 
mer i 


‘Address 


Address 
(__X_Data XX Data 


Port P2 ~~ 
- Wait bit } — 
> “Q”’ 


Fig. 54 Relationship between wait bit and access time | 








(1) Single- chip mode (00) 

single-chip mode is entered by connecting the CNVsg pin 
to Vss and starting from reset. Ports P4 to PO all function as 
normal |!/O ports. Port P4, can be the ¢, output pin divided 7 
the clock to Xin pin by 2 by setting bit 7 of processor mode 
register to “1” 


(2) Memory expansion mode (01) 


Memory expansion mode is entered by setting the proces- 
sor mode bits to “01” after connecting the CNVgg pin to Vss 
and starting from reset. _ 

Port PO becomes an address output pin and loses its 1/O 
port function. ! 
Port P1 has two functions depending on the ievel of the 
BYTE pin. . 
When the BYTE pin ievel is “L” port P1 functions as an 
address. output pin while E is “H” and as an odd address 


_ data I/O pin while E is “L”. However, if an internal memory 


is read, external data is ignored while E is “L". In this case | 
the !/O port function is lost. 


- When the BYTE pin level “H”, port P1 functions as an 
address output pin and loses its I/O port function. ? 


Port P2 has two functions ene on ‘the. level of the . 


- BYTE pin. 


When the BYTE pin level is “L, port P2 functions as an 
address output pin while E is “H” and as an even address 
data I/O pin while E is “L”. However, if an internal memory 
is read, external data is ignored while Eis “L’. 

When the BYTE pin level is “H”, port P2 functions as an 
address output pin while E is “H” and as an even and odd 
address data |/O pin while E is “L”. However, if an internal 
memory is read, external data is ignored while E is. ee In. 
this case the I/O port function is lost. 7 


: Ports P35, P3,, P32, and P33, become R/W, BHE; ALE, and 





HLDA output pin fesbecivey and lose their I/O Pon func- . 
tions. 7 | 


: R/W is a read/write signal which indicates a read when it 


is “H” and a write when it is “L”. | 
BHE is a byte high enable signal which indicates that an 
odd address is accessed when it is “L’. 
Therefore, two bytes at even and odd addresses are 
accessed simultaneously if adaless: Ao is “L” and | BHE is 
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ALE is an address latch enable signal used to latch the 
address signal from a multiplexed signal of address and 
data. The latch is transparent while ALE is “H” to let the 
address signal pass through and held while ALE is “L’”. 
HLDA is a hold acknowledge signal and is used to notify 
externally when the microcomputer receives HOLD input 
- and enters into hold state. 

Ports P4) and P4, become HOLD and RDY input pin re- 
spectively and lose their output pin function, but the input 
pin function remains. 

HOLD is a hold request signal. It is an input signal used to 
put the microcomputer in hold state. HOLD input is 
accepted when the internal clock ¢ falls from “H” level to 
“L” level while the bus is not used. Ports PO, P1, P2, P35, 
and P3, are floating while the microcomputer stays in hold 
state. These ports are floating after one cycle of the inter- 
nal clock ¢ later than HLDA signal changes to “L” level. At 
the removing of hold state, these ports are removed from 




















floating state after one cycle of ¢?later than HLDA signal . 


changes to “H” level. 

RDY is a ready signal. If this signal goes “L”, the internal 
clock ¢stops at “L”. When ¢, output from port P4, is 
selected by setting bit 7 of processor mode register to “1”, 


¢, Output keeps on. RDY is used when slow external mem- 


cory is attached. 

(3) Microprocessor mode (10) 

Microprocessor mode is entered by connecting the CNVss 
pin to Vcc and starting from reset. It can also be entered by 
programming the processor mode bits to “10” after con- 
necting the CNVsg pin to Vss and starting from reset. This 
mode is similar to memory expansion mode except that in- 
ternal ROM is disabled and an external memory is re- 
quired, and ¢, from port P42 is always output in spite of bit 
7 of processor mode register. 

(4) Evaluation chip mode (11) 

Evaluation chip mode is entered by applying voltage twice 
~ the Vee voltage to the CNVss pin. This mode is normally 
used for evaluation tools. 

The functions of ports PO and P3 are the same as in mem- 
ory expansion mode. 

Port P1 functions as an address output: pin while E is “H” 
and as data I/O pin of odd addresses while E is “L” re- 
gardiess of the BYTE pin level. However, if an internal 
memory is read, external data is ignored while E is “L”. 

Port P2. function as an address output pin while E is “H” 
and as data I/O pin of even addresses while E is “L” when 
the BYTE pin level is “L”. However, if an internal memory is 
‘read, external data is ignored while E is “L”. 

When the BYTE pin level is “H” or 2*Voc, port P2 functions 
as an address output pin while E is “H” and as data |/O pin 
of even and odd addresses while E is “L”. However, if an 
internal eon is read, external data is ignored while E is 
a Nags , 

- Port P4 and its data direction register which are located at 


address OAi¢ and OC, are treated differently in evaluation 
chip mode. When these addresses are accessed, the data 
bus width is treated as 16 bits regardless of the BYTE pin 
level, and the access cycle is treated as internal memory 
regardless of the wait bit. 

When a voltage twice the Vcc voltage is applied to the 
BYTE pin, the addresses corresponding to the internal 
ROM area are also treated as 16-bit data bus. 

The functions of ports P4, and P4, are the same as in 
memory expansion mode. 

Ports P4, to P4g become ¢,, MX, QCL, VDA, and VPA out- 
put pins respectively. Port P47; becomes the DBC input pin. 
¢, from port P4, divided the clock to Xi pin by 2'is always 





| output in spite of bit 7 of processor mode register. 


The MX signal normally contains the contents of flag m, but 
the contents of flag x is output if the CPU is using flag x. 
QCL is the queue buffer clear signal. It becomes “H” when 
the instruction queue buffer is cleared, for example, when a 
jump instruction is executed. 

VDA is the valid data address signal. It becomes “H” while 


-the CPU is reading data from data buffer or writing data to 


data buffer. It also becomes “H” when the first byte of the 
instruction (operation code) is read from the instruction 
queue buffer. 

VPA is the valid program address signal. It becomes “H” 
while the CPU is reading an instruction code from the in- 
struction queue buffer. 

DBC is the debug control signal and is used for debugging. 
Table 5 shows the relationship between the CNVgg pin in- 
put levels and processor modes. 


Table 5... Relationship between the CNVgg pin PME 
levels and processor modes 









Mode 2h Description . 
ai * Single-chip Single-chip mode upon start- 
* Memory expansion | ing after reset. Other modes | 
Vss * Microprocessor ‘can be selected by changing 
¢ Evaluation chip the processor mode bit by 




















L software. 
_ |. © Microprocessor ~ | Microprocessor mode upon 
¢ Evaluation chip starting after reset. Evaluation 
‘Voc bs chip mode can be selected 






by changing the processor 
mode bit by software. 























2° Voc . Z| ¢ Evaluation chip . * Evaluation chip mode only. 
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2 CLOCK GENERATING CIRCUIT 

Figure 55 shows a block diagram of the clock generator. 
When an STP instruction is executed, the internal clock ¢ a a ee 
stops oscillating at “L” level. At the same time, FFFi¢ is | M37702M2-XXXFP 
written to watchdog timer and the watchdog timer input. . | | 
connection is forced to f32. This connection is broken and 
connected to the input determined by the watchdog timer _ 
frequency selection flag when.'the most significant bit of the 
watchdog timer is cleared or reset. | 
Oscillation resumes. when an interrupt is received, but the 

~ internal clock ¢ remains at “L” level until the most signifi- 
cant bit of the watchdog timer is cleared. This is to avoid 
the unstable interval at the start of | oscillation when using a 

_ ceramic resonator. 

When a WIT instruction is evseuiead: the internal clock ¢ 
stops at “L” level, but the oscillator does not stop. The 
clock is restarted when an interrupt is received. Instructions | 
can be executed mediately, because the oscillator is not: 
stopped. . 

- The stop or wait state is released when an interrupt is re- a) __M37702M2-XXXFP 
ceived or when reset is issued. Therefore, interrupts must — : | | 
be enabled before executing a STP or WIT instruction. 
Figure 56 shows a circuit example using a ceramic (or 
quartz crystal) | resonator. Use the manufacturer’s recom- 
mended values for constants such. as capacitance which 
differ for each resonator. Figure 57 shows an example of 
ree an external clock signal. . 





Fig. 56 Circuit using a ceramic resonator. 


External clock source 





Fig. 57 . External clock input circuit 


Interrupt request — 


STP instruction - 3 WIT instruction R ; | | STP instruction 
eo : - Watchdog 
. . . timer: 
tL Internal clock .¢ ) —— 
[> (a C=} T= re {=} fe 


On Xout 





Fig. 55 Block diagram of a clock generator 
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ADDRESSING MODES 

The M37702M2-XXXFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37702M2-XXXFP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) M37702M2-XXXFP mask ROM order confirmation form 
(2) 80P6N mark specification form - 

(3) ROM data (EPROM 8 sets) 





@ iTsuBIsH! -, _ | j= 
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_M37702M2. XXXFP, M37702M2AXXXFP 
_M37702M2BXXXFP. M37702S1FP. 
M37702S1AFP,M37702S1BFP 

‘SINGLE- CHIP 16-BIT CMOS MICROCOMPUTER 





nieces RATINGS | eee ge Oe a 
[ac [st ye 
| Ewe 8 input voltage RESET, CNVgs, BYTE , 7 | . y= 0. 3 : 


Input voltage POy>~P07, P1p~P17, P2>~P27, P3o~P3s, 
P4p~P4,, P5o~P57, P69~ P67, P7o~P77, 





P89~P87, Veer, Xin 
Output voltage PO g~ P07, P19~P17, P29>~P27, P39~P3s3, 
P49~ P47, P5g~P57, P6p~P6r, Pla Beis 
P8 9~P87, Xour, E 
Power dissipation . 


Operating temperature — 








Storage temperature 


RECOMMENDED OPERATING CONDITIONS (vcc=5v+10%, Ta=—20~85°C, unless otherwise noted) 


ee its 





Symbol . ' Parameter 





Supply voltage 
Analog supply voltage 








Supply voltage 
Analog supply voltage 
eer -level input voltage POQo~ POy, P39~ P33, P49~P4z, 
P5y~P57, P6y~P67, P7>~P77, 
P89~ P87, Xin, RESET, CNVss, 
. BYTE . 
High-level input.voltage. Pip~P17, P2>~ P27 
(in single-chip mode) 





High-level input voltage P19~P17, P29~P27 
(in memory expansion mode and |0.5Vcc 
microprocessor mode) 
Low-level input voltage POg~P07, P39>~P33, P49~P4z, 
P5o~P57, P6g~P67, P79~P77, 
P89~P87, Xin, RESET, CNVss, 
BYTE . 
Low- level input voltage P1p~P1z, P29~P2; 
(in single-chip mode) 





























Low-level input voltage Pigp~P17, P29>~P27 
(in memory expansion mode and 
microprocessor mode) 











High-level peak output current P0g~P07, P1p~P17, P2o~P27, 

~ P39~P33, P4o~P47, P5p~P5r, 

ae ok P69~P67, P79~P77, P89~P87 

High-level average output current POg~PO07, Plo~P1z, P2o~ P27, 

lon(avg) | P3p~P33, P4o~P4z, P5o~P5r, 

| P6y~P67, P7y>~P77, P8o~P87 

ion: level i peak output current P0g~P0;, Pto~P17, P29~P2z, 

lou(peak) | —, P89~P 8s, P4y~P4y, P5o~P5z, 

. ee P6y~P67, P7y>~P77, P8y~P87 

Low- level average ouput current P0o~P0,, P1o~P17, P2o~P27, 

lov(avg) | . P3o~P3g, P4p~P47, PSo~P5r, 

| ‘P6y~P67, P7>~P77, P89~P87 
; M37702M2-XXXEP, M37702S1FP 
| (Xin) | External clock frequency input | M37702M2AXXXFP, M37702S1AFP 
eed ; | | M37702M2BXXXFP. M37702S1BFP - 





















































Note 1. Average output current is the average value of a 100ms interval. 
2. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA cor less, 
_the sum of lo-(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lonipeak) for pot P4, P5,. P6, and By must be 80mA or less. 
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M37702M2-XXXFP 
ELECTRICAL CARA Gre eee (Vec=5V, Vss=OV, Ta=25C, f(Xjy)=8MHz, unless otherwise noted) 


High-level output voltage POgp~PO07, Pig~P17, P29~P2;, 
P3o, P3,, P33, P4o~P4,, 
P5o~P57, P6o~P6,, P7o~P77, 
P8 9~P87 


Vo , High-level output voltage P0o~P0r, P1o~P17, P29~P2,, leu =—400u4 
P3p, P31, P33 te Ne 
lon=—10mMA 
High-level output voltage P32 
= 


low=—toma 
lair avon Seeder (= eee Ce ae a 


Low-level output voltage PO9~ P07, Plo~P17, P29~P27, 
P30, P31, P33, P4p~ P47, , : 
P5o~P57, P6y~P67, P7>~P77, oC 
P85~ P87 
x lo.= | | 


Low-level output voltage PQ o~P07, Plo~P17, Peo~P27, 


P3o, P3, : P33 








lo.= 


INTo~INTs, ADiaa. CTSp, CTS;, CLKo, CLK, 

Hysteresis RESET 

Hysteresis Xin 

High-level input current POg~PO07, Pl9~P17, P29~P27, 
P39~ P33, P49~ P4,, P50~ P5,, 
P69~ P67, P7p>~P77, P89~P8;, 
Xin, RESET, CNVgs, BYTE 

Low-level input current PO9~P07, Plo~P17, P29~P27, 
P39~ P33, P49~ P47, P59~P5r, 
P69~ P67, P79~P77, P8o~ P87, 
Xin, RESET, CNVss, BYTE 























V,=0V 








(Xin) =8MHz, 
In single-chip mode | square waveform 


output only pin is Ta=25C when clock 
open and other pins | js stopped. 


are Vss during reset. Ta=85°C when clock 


is stopped. 


Power supply current 














A-D CONVERTER CHARACTERISTICS:( Voc=5V, veebe Ta=25C, ee =8MHz, unless otherwise ae. 


a 


————— 
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M37702M2AXXXFP 
ELECTRICAL CHARACTERISTICS ( (Veo=8V. Vss=0V, Ta=25°, (Xin) = 16MHz, ‘ines otherwise sated 


Parameter 


Test conditions 








High-level abut salads P09~ P07, P19~P17, P29~P27, 
bay P31, P33, P4g~P4z, 
5o~ P57, P69~ P67, P7o~P7z, 
P89~ P87 


‘High-level output voltage P0g~P07, P19~P17, P2)~P2; 


P39, P31, P33 








High-level output voltage P32 





High-level output voltage E 


lon= —| OmA 
| lonp=—400uA 
lox= —10mA 

















ew! level output voltage POg~P07, Pl9~P17, P29~P27, 
P39, P31, P33, P4p~P4z, 
P5o~P57, P69~P67, P79 ~P7;, 
P8o~ P87 
Low-level output voltage POg~P07, P19~P17, P29~P2;, 
| | P39, P31, P33 








Low-level output voltage P3, 





: lon= —400uA 


lol =10MA 





lop =2mA 








loL=2mA 

















Low-level output voltage E 





Hysteresis HOLD, RDY, TAOQw~TA4in, TBOjw~ TB2n, 
INTo~INTo, ADrac, CTSo, CTS), CLKo, CLK; 











loL=1 OmA 


lop=2mA 














Hysteresis RESET 




















Hysteresis Xin 

















High-level input current POp~P0;, P19~P1y, P29~P2;, 
P39~~P33, P4g~P47, PSp~ P57, 
P69~ P67, P7o~ P77, P89~ P87, 
Xin, RESET, CNVss, BYTE 








Low-level input c current P0o~P0y,. Plo~P17, P2p~P2z, 


P39~P33, P4a~P47, P5p~P5z, 
P6 o~ P67, P79~P7z, P85~P8;, 
Xin, RESET, CNVss, BYTE 




















V,=0V 








When clock is stopped. 








| RAM hold voltage 








Power supply current 


' Parameter — 


Resolution 


| Vrer= Voc 





, fOk,) = 16MHz, 
. | In single-chip. mode | square waveform 


output only pin is Ta=25C when clock 
open and other pins | is stopped. 
are Vss during reset. | Ta=85°C when clock 


is stopped. 




















Test conditions 











RiAppER 


Absolute accuracy 








Ladder resistance 





tconv 


Vrer=Voc 











Vrer= Voc 











' Conversion time 





VREF 
Via 





Reference voltage 




















Analog input voltage 











2—50 
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M37702M2BXXXFP | | , 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xiy) =25MHz, unless otherwise noted) 


: 
Parameter Test conditions 
Min. . 
| 


High-level output voltage POg~P07, P19~P17, P29~P27, 
P39, P31, P33, P4o~P4z, 
lon=—10mA 
P5o~ P57, P69~ P67, P79>~P77, 
P89~ P87 
High-level output voltage POg~PO7, Ptg~P17, P29~P2;, lou=— 40000 A 
P3p, P3;, P33 oe a 
lon=— 10mA 
lon= —400uA 
lon=—10mA 


lox= —400uA 








High-level output voltage P3, 


High-level output voltage E 


Low-level output voltage PO0go~P07,,P19o~P17, P29>~P2z, 
P39, P31, P33, P49~ P47, 
P5o~ P5,7, P69~ P6,, P7o~ P77, 
P89~ P87 ‘ 
Low-level output voltage PQ9~P07, P19o~P17, P29~P2z, 
P39, P31, P33 





lop =10mA 








lop =2mA 











lop =10mA 
lop =2mMA 
loL=10mA 
lop=2mA 





Low-level output voltage P35 














) Low-level output voltage E 














Hysteresis HOLD, RDY, TAOiy~TA4in, TBON~TB2n, 
INTo~INTo, ADztre, CTSo, CTS), CLKo, CLK, 


Hysteresis Xin 
.| High-level input current POg~P07, Plo~P17, P29~P27, 
P39~ P33, P49~P47, P5o~ P57, 
~ P6p~P67, P7>~P77, P8o~P8z, 
Xin, RESET, CNVgs, BYTE | 


Low-level input current POg~P07, P19~P17, P29~P27, . 
P39~P33, P49 ~P47, P59~P57, 
lie V,=0V 
. . P6o~P6;, P7o~ P77, P85~ P8-, 
Xin, RESET, CNVsg, BYTE 


RAM hold voltage | When clock is stopped. 


(Xin) =25MHz, 
In single-chip mode | square waveform . 

















Vi=5V 


























, 

















{_—__. 


output only pin is Tg=25C when clock | 
open and other pins | is stopped. . 


are Vss during reset. | —,=85'C when clock 


is stopped. 


Power supply current . 


Ss 














A-D ‘CONVERTER CHARACTERISTICS (Voc=5v, Vss=0V, Ta=25°C, f(Xin)=25MHz, unless otherwise noted) 


Limits pt 
Symbol ° Parameter Test conditions Mi Unit 

























Absolute accuracy Vrer= Voc 











Ladder resistance Vrer= Voc 














Conversion time 
















Reference voltage 























Analog input voltage 








- ‘ a | Min. 
. External clock input cycle time 125 
External clock input high-level pulse width ; 


| tsuceso—e) | Port P5 input setup time = 2 . 3 | 300 


: , : ; 
| thce—pip) Port P1 input hold time . 0 


Port P7 input hold time 


‘| tsu(e1p—e) | Port'P1 input setup time Mato 60 45 


g 7 % TP 7 MITSUBISHI MICROCOMPUTERS 
- _M37702M2-XXXFP,M37702M2AXXXFP | 
|  M37702M2BXXXFP,M37702S1FP — 

~~ "M37702S1AFP,M37702S1BFP 
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TIMING REQUIREMENTS (Vog=5V+10%, Vss=0V, Ta=25C, unless otherwise noted) 
External clock input oo. | = 


Symbol | ~ Parameter 8MHz 16MHz - 25MHz 
40 

































External clock input low-level pulse width 









External clock rise time 


External clock fall time , ko 5 




















20 
20 | 10. 


Single-chip mode 
| Limits 
Symbol Parameter < 8MHz 

| | Min. | Max. 
tsu(pop—e) | Port PO input setup time 200 . 














tsu(p1p—e) | Port P1 input setup time 200 


Port P2 input setup time . . 2 ‘200 
Port P3 input setup time a . 200 
Port P4 input setup time 200 | 


























Port P7 input setup time . ; - 200 
Port P8 input setup time. 2 200 
Port PO input hold time | | | 





E) 

E) 

Port P6 input setup time 200 

E) 

E) 

Port P2 input hold time . 

Port P4 input hold time 

Port P5 input hold time 
Port P6 input hold time 








Port P3 input hold time _ | 3. 


















































th(e—psp) Port P8 input hold time 


Memory expansion mode and microprocessor mode 



















Symbol —_ . _ _ Parameter 


























tsu(p2p—e) | -Port P2 input setup time 


tsu(Rpby—¢,) | RDY input setup time 7 : 2 3 70. =}: 60. . 
HOLD input setup time ae , ‘70 | 60 55 


th(e—Pp1D) Port P1 input hold time 












































0 
thce—p2o) Port P2 input hold time | 0 | 
 th( ¢,—RDY) RDY input hold.time — . 0 O° hy 
HOLD input hold time | 0 









































th ¢;—HOLD) 
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Timer A input (Count input in event counter mode) 


Limits 


Symbol Parameter 





TAiin input cycle time 


tw(TAL) TAiin input low-level pulse width 








Timer A input (Gating input in timer mode) 


Symbol ‘ Parameter 








tc(Ta) TAiin input cycle time 


TAiiy input high-level pulse width 
TAiy input low-level pulse width 














Timer A input (External trigger input in one-shot pulse mode) 


Parameter 











tc(TA) TAiin input cycle time 











tw(TAH) | TAiny input high-level pulse width 








tw (TAL) - | TAijy input low-level pulse width 


Timer A input (External trigger input in pulse width modulation mode) 


Symbol — . Parameter — 


twitaH) TAiy input high-level pulse width 
tw(TAL) TAiny input low-level pulse width , 


Timer A Input (Up-down input in event counter mode) 


























Symbol | Parameter 








—tocup) TAigut input cycle time 





twcurpH) | TAiour input high-level pulse width 








te TAigur input low-level pulse width 
tsu(uP-tyw) TAiout input setup time 
— thctp,-up) TAigut input hold time 
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Timer B input (Count input in event counter mode) 






- .Symbol z ss Parameter 





tw(tBL) . TBiin input low-level pulse width (one edge count) 












TBijy input cycle time (both edges count) 


TBiiy input high-level pulse width (both edges count). - ise 
TBin input low-level pulse width (both edges count) . — 


Timer B input (Pulse period measurement mode) 


‘Symbol FF = Parameter 


TBiy input cycle time -_ 3 0 
TBiy input high-level pulse width | 
| TBijy input low-level pulse width = oe ~~ 500 


Timer B input (Pulse width measurement mode) 










n. 














Parameter 


TBiy input cycle time 


tw(TBH) TBiiy input high-level pulse width 





tWBL) TBin input low-level pulse width 


A-D trigger input | 








Symbol |. | Parameter 


| tevad) . ADtre input cycle time (minimum allowable trigger) 





















~ twcad_c) ADrrg input low-level pulse width 


Serial VO 
Parameter | 


‘Symbol | 
| Min. - 


| CLKj input high-level pulse width = | - 
: 
| thic—ay + | TxD; hold time. a: = 
|. teuteetey. 3 RxDj input setup time a 


External interrupt INTj input 














Symbol | be 9 _ Parameter 


| twonn) —_| INT; input high-level pulse width Zz iz 
INT; input low-level pulse width 3 e, 5 


tw(TBH) TBiy input high-level pulse width (one edge count) nM | 125 | = =6| e2 | 








_ Limits 
16MHz 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





SWITCHING CHARACTERISTICS (Vec=5V10%, Vss=0V, Ta=25C, unless otherwise noted) 
Single-chip mode | | 


; Limits 
Symbol Parameter ' 


Port PO data output delay time . 
Port P1 data output delay time . 


Port P2 data output delay time 
Port P4 data output delay time 
Port P5 data output delay time 
Port P6 data output delay time 
Port P7 data output delay time 
Port P8 data output delay time 











Memory expansion mode and microprocessor mode (when wait bit = “1”) 


| Min. | 
| oo | | 


Port P1 floating start delay time (BYTE=“L” 
Port P1 address output delay time 

Port P1 address output delay time 

Port P2 data output delay time 

Port P2 floating start delay time 

Port P2 address output delay time 

Port P2 address output delay time 

ALE output delay time . 
thierom) | Por POaddresshoidtime | 


thiace—pia) | Port P1 address hold time (BYTE=“L” 
thie_p1q) | Port P1 data hold time (BYTE=“L”) 


Port P1 floating release delay time (BYTE=“L”) 
Port P1 address hold time (BYTE="H") ir 
th(aALE—P2a) Port P2 address hold time 


th(e—p2a0) Port P2 data hold time 











ee) 














tpzx(e—pe2z) | Port P2 floating release delay time 


BHE hold time 
R/W hold time 
| E pulse width 











: 5 Ss 
a ” 
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‘Parameter 



















‘ Port PO address output delay time’ 
fcc ee Port P1 data output delay time (BYTE=“L") 





Port P1 floating start delay time (BYTE=“L” ) | 
Port P1 address output delay time Ml? 
E 











tdiesa Arey Port P2 address output delay time 





) 
 td(pia—ace) | Port P1 address output delay time 
td(e—p2aq) Port P2 data output delay time | 
Port P2 floating start delay time 
. 





td(p2a—e) Port P2 address output delay time ~~ 


























































































th(e—BHE) 


| thce—rvw) 


~ twteL) 





‘Port P2 floating release delay time 
BHE hold time 





-R/W hold time - 




















HLDA output delay time 
BE ures al 
tw(ALe) ALE pulse width | : jw ~ 90 35 
td(BHE—E) - BHE output delay time - a 100 | 30 
td(R/w—eE) R/W output delay time ae 100 | 30 | 
td(e_¢ no ¢1 output delay time . [ 0 30 0. oil, 
'thce_poa) | Port PO address hold time | : ona: 50 [2B : : aa 
| Port P1 address hold time (BYTE=“L”) | 9 a sia | 
Port P1 data hold time (BYTE=“L”) : . — «50. es. a ; 
| tezxie—piz) | Port P1 floating release delay time (BYTE="L”) | | 50 , 25 | | 
aa 
Port P2 address hold time _ 
Port P2 data hold time - 












E pulse width 











Fig. 58 Testing circuit for ports PO~PS8, ¢, 





TIMING DIAGRAM 
Single-chip mode 


(Xin) 


mi! 


Port PO output 
Port PO input 
Port P1 output 
Port P1 input 
‘Port P2 output 
Port P2 input 
Port P3 output 
_ Port P3 input . 
Port P4 oe 
Port P4 cul 


Port P5 output 


_ Port P5 input 


Port P6 output 


Port P6 input 


Port P7 output 


Port P7 input 


Port P8 output © 


Port P8 input: 
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t tf 
tc . tw(H) tw) 


( 


ag tdie—poa) 


tsu(poo—e) 


Ba th(e—pop) 
neg td(e—p1q) 


( 


tsu(pip—e) —— ; 
Le thie—p1p) 


Bag td(e—p2q) 


te 


tsu(p20-e) —a 


th(e—pap) 


td(e—psa) 


Ley 


tsu(esp—E) — 


thie—eap) 


tdie—psq) 


>< 


tsu(pan—e) _— 


th(e~pap) 


td(e—psa) 


Ler 


tsu(psp—e) peel 


th(e—psp) 


tdie—p6aq) 


hy 


tsu(p6eo—e) —— 


' thie—pep) 


td(e—p7a) 


>< 


tsu(P70—e) i 


_\ thi e—p7p) 

tg tdi e—psa) 
tsu(psp—e) pul | 

leg th(e—psp) 





4 MISUBSH ts eos 
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TAin input - 


TAigur input 





_ TAiout input 
(Up-down input) 


In Event counter mode 


TA iy input 
(When count ney alg) 
aa count by rising) 


Tote) 














twirBH) 


TBiy input 


te(ao) 








twiaov) 
ADrrc input 
CLK; 

TxDj 

'  RxDj 


INTj_input 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


$y 


RDY input 


(When wait bit = “0”) 


oy 


RDY input 


tsu(rpy—¢,)| thi ¢i—rpy) 


(When wait bit = “1” or “0” in common) 







_ tsu(HoLp—4,) th(¢;-HOLD) 


HOLD input 





td(¢;—HLDa) tdigj—HLDA) 


oH LDA output 


Test conditions 
Voc = 5V#10% ~ | 
* Input timing voltage. - Vik = 1:0V, Vin = 4. OV 
- Output timing voltage : Vo. = 0. 8V, Von = 2. 0V 
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_ Memory expansion mode and microprocessor mode (When wait bit="1”) 





ee ' | | | - tf tr te - - 
on? twee two) ce | x | oe. Bie = 
f(Xiw) F = | a | 
“~~ - ah / JS 
j tdie—¢;) 
: ee 


a Es SNe Se APRS 








Port P1 input 


. | | . th(ace—P1A) [sky texz(e—p1z) tezx(e—P1Z) 
eat atee | tate Kom v= 
(Ag~A 5/Dg~D ) 5 ; 

(BYTE="L") ° . 7 tdip1a— ALE) oath xs 
- a : . . en E) 
| | . . th(e—pta) Bg (amen) 3 
ill ee ee 
~ (Ag~Ais) x 
(BYTE=“H") : -“—| thie—Pi0) 


thc ALe—p2a) 


a sans ea 


Port P2 output . | Address 








Xe DX mem [}--—-- em 
(Aig~Az3/Do~D7) | oll ee ' tsucp20— ey} 
t 
. td(pea—ace) || td(e—p2a) peas Bey N(E—P20) | 

Port P2 input i df ; 

3 ; | | twoAce) 
Port P32 output ; . 2 i 
(ALE) | . sai a 
(BHE) : 

tdin/w—-e) 

(R/W) | . a , 


Test conditions 

* Voc= 5 VE10% 

- Output timing voltage : Vo.=0. 8V, Von=2. Ov 
+ Port P1, PZ input | Viz=0. 8V, Viy=2.5V 
+ Port P4; input Vy =1.0V, Vin=4. OV - 
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M37702M2BXXXFP,M37702S1FP 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion mode and microprocessor mode (When wait bit = “0”, and external memory area is accessed) 


(Xin) 


py 


Port PO output 
(Ag~ Az) 


Port P1 output 
(Ag~Ais/Dg~ Dis) 
( BYTE=“ L”) 


Port P1 output 
(Ag~Ais) 
(BYTE=“H”) 


Port P1 input 


Port P2 output 
(Aie~Ao3/Do~ D7) 


Port P2 input 


Port P3, output 
(ALE) 


Port P3, output 
(BHE) 


Port F P39 output 
—(R/W) 


Test conditions 


: Voc= 5 V+10% 


- Output timing voltage : Vo. =0. 8V, Von=2.0V 
: Vip=0. 8V, Vin=2. 5V 
: Vi=1. OV, Vin=4. OV 


* Ports P1, P2 input 


- Port P4, input 





te 


i, 
here 
[REET fy peor 


td(poa—e) 
sel dee ot 
—— 










thi aLe—P1A) a 
= 


td (P1A—ALE) 


i tezx(e—P1z) 


Address 


aD 


| i _ 
a th(e—p2p) 
td(p2A—ALE) | — 


ll : a 


td(BHE-e) 


td(r/w—e) 
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‘DESCRIPTION - . 
The M37702M4-XXXFP is a single-chip microcomputer de- 


signed with high-performance CMOS silicon gate technolo- 


gy. This is housed in a 80-pin plastic molded QFP. This 
single-chip microcomputer has a large 16M bytes address 
space, three instruction queue buffers, and two data buffers 
for high-speed instruction execution. The CPU is a 16-bit. 


parallel processor that can also be switched to perform 8- | 


bit parallel processing. This microcomputer is suitable for 
office, business and industrial equipment controller that re- 
quire high-speed processing of large data. 


The differences between M37702M4-XXXFP, M37702M4A 
XXXFP, M37702M4BXXXFP, M37702S4FP, M37702S4AFP . 


and M37702S4BFP are the ROM size and the. external 
clock input frequency as shown below. Therefore, the fol- 


lowing descriptions will be for the M37702M4-XXXFP un- 


less otherwise noted. | 7 




















a . 1 


“ROM size ‘External clock input frequency 
M37702M4-XXXFP | -s- 32K bytes __ 8 MHz 





















22K bytes 
32K bytes 2 25MHz 





M37702S4FP 8 MHz 


M37702S4AFP 


_| M37702S4BFP 


External. 
External . 














M37702M4AXXXFP 
M37702M4BXXXFP 


External — 


The M37702M4-XXXFP has the same functions as the 
M37702M2-XXXFP except for the memory size. 


FEATURES SO | | 

@ Number of basic instructions: Sia leptediegntaa 103 

@ Memory size ROM ::::: eeteees nadia’ aseaees 32K bytes 
RAM +r ee eteeennens 2048 bytes 


@ Instruction execution time — 
M37702M4-XXXEFP, M37702S4FP | 
(The fastest instruction at 8 MHz frequency) ---:-- 500ns 
M37702M4AXXXFP, M37702S4AFP a 
_ (The fastest instruction at 16 MHz frequency) :*"::: 250ns 
M37702M4BXXXFP, M37702S4BFP 
(The fastest instruction at 25 MHz frequency)------ 160ns 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





| PIN CONFIGURATION (TO 


P VIEW) 












<> P77/AN7/ADtrRa 


ara P75/AN5 
+> P7.6/AN6 








[B]<+ P8—o/CTSo/RTSo 


[S]<+ P7,/AN, 













P7o/ANo +> 
P67/TB2iy +> 
‘P6¢/TB1in Bee 

- P6s/TBOw + [41 

P6,/INT ++ [5] 

P63/INT, +> [6 

P62/INTo +> 
P6,/TA4y +> [2] 

















4O 
- ddXXXVPWNZcOZZEWN 





+> P1,/Ag/Do 
> P15/Ai9/D19 
> P15/A,4/D44 
+> Pta/Asg/Di2 
+> P15/Ai3/Di3 
}> Pte/Aya/Dy4 
5] +> P12/As/Dag 
++ P2o/Arg/Do 

+> P2,/Ay7/D; 

+> P2./Ai3/Do 

++ P23/A49/D3 













z 
_ dO 
djVpSZOZ/eW 
41O 
d4vSZ0ZZew 
JO 


P5./TA1 out ** 71 
P5,/TAQy + [te] O 


dIXXXarNZoZZen 
JO 
d4IXXX-PNZOLZEW 









Vss 


P33/HLDA 











P32/ALE. + [| 

P30/R/W - 
P27/Ao3/D7 <> 
P26/A22/De- 


P25/Ao1/Ds 
P24/A20/D4 


Outline 80P6N 


*: Used in the evaluation chip mode only : 


APPLICATION 7 
Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors and personal 
computers | | 


i Control devices for industrial equipment such as ME, NC, 





- @ Single power supply :::-7++-77+* Sean & 5V410% communication, and measuring instruments 

@ Low power dissipation (at 8 MHz frequency) a . 
shiveudasentaee’ ieeetaveeeseeseccseeesorseeoesssseseectoneses SO MAVY (Typ.) 7 

@ Interrupts <crsrrrreeerreeeeeeeteteeeeeees andacaate +19 types 7 levels ; 

-@ Multiple function 16-bit timer“? Surnasae On vataeavasesa + 5+3. 

@ UART (may also be synchronous) er ore aes Seneteaoais 2 

@ 8-bit A-D converter ----:t rrr 8-channel inputs . 

@ 12-bit watchdog timer 

@ Programmable input/output : | 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) ---+ ++ 68 
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Address Bus 
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_M37702M4- XXXFP, M37702M4AXXXFP, M37702M4BXXXFP 
| _M37702S4FP, M37702S4AFP, M37702S4BFP 


SINGLE- CHIP 16- BIT CMOS MICROCOMPUTER 





THE FUNCTIONS . AND CHARACTERISTICS 
The M37702M4-XXXFP has the same functions and charac- 
teristics as the M37702M2-XXXFP except for the ROM and | 
RAM size. Refer to the section on the M37702M2-XXXFP. 
ane memory map is shown in Figure 1. | , 


ADDRESSING. MODES 

The M37702M4-XXXFP has 28 powerful addressing modes. 

~ Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode: | 


000000i¢ 00000016 


00007 Fig 
0000801. 


' Bank 046 


OOFFFFi6 
01 000016 


00087F 1, 


Bank 116 


OIFFFFic | 


FE00001< 
Bank FEy¢ « 


FEFFFF}¢ 
FFO000i¢ — 


: \ 
OOFFD61¢ \ 


FFFFFFi¢s 


Fig. 1 Memory map 


OOFFFFi¢ | 


\ 





MACHINE INSTRUCTION _LIST 


The M37702M4-XXXFP has 103 machine instructions. Refer 


to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR MASK ORDERING 


Please send the following data for mask orders. 


(1) 
(2) 
(3), 


M37702M4-XXXFP mask ROM order confirmation form — 7 
80P6N mark specification form . | | 
ROM data (EPROM 3 sets) © 


Peripheral devices 
| | control registers | 
Internal RAM 
2048 bytes 


Interrupt vector table 


| 
UARTO receive 
| 
er AS] 
Timer A2 
| 
| 


| NT, ' 
“Watchdog timer 


BRK instruction 


RESET 


Internal ROM. 
32K bytes 
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M37703M2- XXXSP, M37703M2AXXXSP ,.M37703M2BXXXSP 


_M37703S1SP, M37703S1ASP, M37703S1BSP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





DESCRIPTION 

The M37703M2-XXXSP is single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 64-pin shrink plastic molded DIP. 
This single-chip microcomputer has a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. This microcomputer is 
suitable for office, business and industrial equipment con- 
troller that require high-speed processing of large data. 


The differences between M37703M2-XXXSP, M37703M2A: 


XXXSP, M37703M2BXXXSP, M37703S1SP, M37703S1ASP 
and M37703S1BSP are the ROM size and the external 


clock input frequency as shown below. Therefore, the fol- - 


lowing descriptions will be for the M37703M2-XXXSP un- 
less otherwise noted. 


ROM size 
—_|— 
16K bytes _ o 
16K bytes | 
16K bytes - 
External 


Type name 
M37703M2-XXXSP 
M37703M2AXXXSP 
M37703M2BXXXSP 


External clock input frequency 
8 MHz 
16MHz 
25MHz 
8 MHz 














M37703S1SP 
M37703S1ASP 
-M37703S1BSP 





External 
External 











The M37703M2-XXXSP cuts down the pins of M37702M2- 


XXXFP. Refer to the section.on M37702M2-XXXFP for the | 


functional differences. 


eee 
Number of basic instructions::::*::++s+reter ree reeree 103 
a @ Memory size ROM eS ea we Hale 8 ee see eer eceee “16K bytes 


RAM ceeccccssttercect csc see estes cece 512 bytes 
@ Instruction execution time | 

| M37703M2-XXXSP, M37703S1SP 

(The fastest instruction at 8 MHz frequency) ----::- 500ns 
M37703M2AXXXSP, M37703S1ASP 

(The fastest instruction at 16 MHz frequency)::::-- 250ns 

M37703M2BXXXSP, M37703S1BSP 

(The fastest instruction at 25 MHz frequency) :-::-: 160ns 





PIN CONFIGURATION (TOP VIEW) 


AVec 
Vrer 

AVss 
P7,/AN7/ADtRo 
P7>/AN> > 
P7,/AN, > 
P7)/ANo 
P65/TBOw 
P6,/INT> 
P63/INT, +> 
’ P6,/INT, +> 
P57/TA3in 
P5¢/TA30ur 
P55/TA2in 
P54/TA2our 
P53/TA1 in 
P50/TAlour 
—— P54/TAOy 
P59/TAQour +> 
P4,/DBC* 
P4,/ $4 + 
P4,/RDY +> 
P4,/HOLD + 


dSXXXVZWEO/ ZEN 


$ 41] +> P2o/Ay6/Do 


40] > P2,/A;7/D, 
+> P2./A13/D2 
+> P23/A19/D3 
+> P2,/Aoo/D, 
«+ P2;/A;/Ds 
+> P2¢/Ao2/Dg 
P3,/ALE +> <> P27/Ao3/D7 
P3,/BHE <> P39/R/W 


dSVISEOZZEN 


Outline 64P4B 


* : Used in the evaluation chip mode only 


APPLICATION 
Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word ppleeasene! and personal 
computers 

Control devices for industrial equipment such as ME, NC, . 





| Single power SUPPly ererrreteeereesereeeeeeeseee SVE TO% communication, and measuring instruments 
@ Low power: dissipation (at 8 MHz frequency) — | | 
SUbenkGated vase bets destadegauatesen cee seidinaney Deion 30mW (Typ. ) ; 
@ Interrupts <ccrctteeetetrteeeeeeeeees asi nwik's poeaianes 19 types 7 levels 
@ Multiple function 16-bit timer: ee 5S+3 
/ @ UART (may also be synchronous) sree 2 
@ 8-bit A-D converter :--:1-s+-+++++ 4-channel inputs 
@ 12-bit watchdog timer . 
@ Programmable input/output 
— (ports PO, P1, P2, P3, P4, P5, P6, P7, P8) <r 53 
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‘SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


cc 





Data Bus(Even) 














Data Bus(Odd 









Data Buffer DB,,(8) 


Data Buffer DB,(8) 


‘Od vod 


Instruction Queue Buffer Qo(8) K 
Instruction Queue Buffer Q4(8)K 





(8) bd 


Instruction Queue Buffer Q2(8)K: 











se 





3LAG 
indui U01}098/aS 
_- UDIM Sng 


J3u A 


_ ndul a6e}0A 


BOUdIOJOY 





Address Bus 












(8) 491sIBoy uolonsysuy 


wi 


(g)48ueAUOD G-v} 0 Luvn 
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. indinovanduy. sn ee indinondu| aaIDOANEDY: smemonney indjnosindy| sis ee iNdjnosindu| yndinosndu} 
oe: BQSOHOBGG_OHHOHODE OOOHDDOH- ep EDC 0)—— eisciaise 4 OO® = DOP -— @ Q®HH-—)_ 
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solid Y9l 
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WVY 


(OL) FGL sous (OL)LWL JOWIL 













(QL)2aL OWL 
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(SL)pVL FOWL 


(QL)eWL JOWIL 
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SINGLE-CHIP 16-BIT cmos MICROCOMPUTER 


FUNCTIONS OF M37703M2-XXXSP 


500ns (the fastest instructions, at 8MHz frequency) 
ROM ™~™~™~—~S Kes SC~*S 
Memory size 


RAM . 512 bytes ; : 
PO, P1, P2, P5 . 8 -bitx 4 | 


6 -bitX 1 
Multi-function timers 
A-D converter 


3 external types, 16 internal types 






















Instruction execution time 













































Input/Output ports 




















INS ITUPS (Each interrupt can be set the priority levels to 0 2 #2) 

Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
Supply voltage 5 V+10% 

Power dissipation 30mW(at external 8 MHz frequency) 





Input/Output voltage 5V 
Input/Output characteristic = 2 ts 
Output current 5mA . 























Memory expansion ~ | Maximum 16M bytes 
Operating temperature range —20~85°C 
Device structure CMOS high-performance silicon gate process . 











Package 64-pin shrink plastic molded DIP 
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PIN DESCRIPTION 


Supply 5 V+10% to Voc and OV to Vgs. 


Functions 

















Power supply 


This pin controls the processor mode. Connect to Vss for single-chip mode, and to Vcc for evigiaal ROM 
types. 


CNVss 





CNVss input 








Reset input 


Xin Clock input 
Enable output 


_Bus width selection input 


To enter the reset state, this pin must be kept at a “L* condition should be maintained for the required 
time. 












These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xj and Xour. When an external clock is used, the clock source should be connected to the Xj pin 
and the Xour pin should be left open. 


3 





Data or instruction read and data write are performed when output from this pin is “L”. 

























In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 











‘Analog supply input 


I/O port PO 


Power supply for the A-D converter. Connect AVcc to Voc and AVsgg to Vsg externally. 


This is reference voltage input pin for the A-D converter. 


In single-chip mode, port PO becomes an 8-bit I/O port. An I/O directional register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ap)is: output in memory expansion mode or microprocessor mode. 











In single-chip mode, thesé pins have the same functions as port PO..When the BYTE pin is set to “L” in 








Pio~Pt17 1/0 port P1 
“memory expansion mode or microprocessor mode and external data bus is 16-bit width, high- -order data 
| (D4s~Dg)is input or output when E output is “L” and an address: (Ais~Asg) is output when E output is “H”. 
If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(Ais~Ag)is output. 
P29~P27 I/O port P2 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 


rocessor mode low-order data(D7~ Do) is input or output when E output is “L” and an address (Az3~ Aye) is 
output when E output is “H”. 














P39~P32 . | I/O port P3 In single-chip mode , these pins have the same functions as port PO. In memory exsanaion mode or mic- 


roprocessor mode, R/W, BHE, and ALE signals are output. — 











In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4) and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
‘| same as in single- chip mode. In single-chip mode or memory expansion mode, port P42 can be programed 
for ¢, output pin divided the clock to Xiy pin by 2. In microprocessor mode, P42 always has the function as 
$, output pin. 





‘| 1/0 port P4 











V0 port P5 In addition to having the same functions as port PO in eingle: chip ‘ote: these pins also function as I/O 


pins for timer AO, timer A1, timer AQ, and timer AS. 











In addition to having the same functions as port PO in single-chip. mode, these pins also function as external 
interrupt input INTo, INT, and INT? Pins, and input pine for timer BO. 


1/O port P6 | 











In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
y, input ANo~AN 2 and AN7 input pins. P77 also has an A-D conversion trigger input function. 


~P7p~P7o, 
P7; 









1/O port P7 





In addition to having the same functions as port PO in single-chip mode, these pins also function: as RxD, 
TxD, CLK, CTS/RTS pins for UART 0, and as RxD, TxD pins for UART 1. 


1/O port P8 
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BASIC FUNCTION BLOCKS 

The functional differences between the M7703M2-XXXSP 
and M37702M2-XXXFP are described below. The 
M37703M2-XXXSP has the same _ functions as_ the 
M37702M2-XXXFP, except these points. Refer to the sec- 
tion on the M37702M2-XXXFP. 


A-D CONVERTER 

Analog signals are input through four channels, ANo, AN, 
AN> and AN 7. In one-shot mode and repeat mode, select 
one on ANo, AN, ANz, and AN; as analog input by the ana- 
log input selection bits (bits 2, 1 and 0) of A-D control reg- 
ister. Set the bits of the directional registers for ports cor- 
responding to analog input channels AN3, AN,, ANs and 
ANg not having pins to “1” (output mode) and output “0” to 
the ports. 

In the single sweep mode and repeat sweep mode, the 
M37703M2-XXXSP operates the same as the M37702M2- 
XXXFP. Set the directional register bits of ports corres- 
ponding to ANO, AN1, AN2, and AN7 to .“0” (input mode), 
and the bits of the directional registers for ports corres- 
ponding to AN3, ANyg, ANs and ANg not having pins to “1” 
(output mode), and output “0” to the ports. In the single 
sweep mode and repeat sweep mode, the contents of A-D 
register bits corresponding to analog input channels ANs, 
AN,, ANs, and ANg not having pins are undefined. 


TIMER 

Since timer A4 has no input/output function and timer B1, 
B2 have no input function, timers A4, B1 and B2 operate 
only in timer mode. Therefore, only clock source can be 
selected by the bits 7 and 6 of timer mode register for 


each of timers A4, B1 and B2. The bits of timer mode regis- | 


ter must be “OQ” except for the clock source selection bits. 
Other timers AO, Ai, A2, A3 and BO have the same func- 
tions as the M37702M2-XXXFP. 


Table 1. 


Parameter M37703M2-XXXSP © 


SERIAL 1/O 

UART1 has only the asynchronous serial communication 
function and no clock synchronous serial communication 
function. Therefore, do not select the clock synchronous se- 
rial communication function (“001”) by the serial com- 
munication method selection bits (bits 2, 1 and 0) of UART1 
transmit/receive mode register. ‘Since UART1 does not 


have the functions of CTS and RTS, the CTS and RTS 


selection bit (bit 2) of UART1 transmit/receive control reg-. 
ister O must always be “1”. UARTO has the same function as 
the M37702M2-XXXFP. _ 


INPUT/OUTPUT PINS 

The port registers and directional registers for ports P4, P6, 
P7 and P8 have eigtht bits, the directional register bits hav- 
ing no pins must always be set to the output mode. Since 
port P33 is not available as a pin although it has port regis- 
ter and directional register, port P33 must be set to the out- 
put mode. 


ADDRESSING MODES 7 

The M37703M2-XXXSP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing. mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37703M2-XXXSP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR MASK ORDERING 


Please send the following data for mask orders. 
(1) M37703M2-XXXSP mask ROM order confirmation form 


(2) 64P4B mark specification form 


(3) ROM data (EPROM 8 sets) 


The functional differences between the M37703M2-XXXSP and M37702M2-XXXFP 


M37702M2-XXXFP 





Input/Output ports - 











~—— 
Timer A 


. (without HLDA) 
with Input/Output ports 
“only timer mode 





Timer B with Input ports 


only timer mode 








Serial I/O 





UARTX 1} 


(UART or clock synchronous serial 1/0) X 1 


(with HLDA) 


16-bitX 4 
16-bit 1 
16-bit 1 
16-bit 2. 


Timer A with Input/Output ports 16-bit 5 





Timer B 16-bitX 3 


with Input ports 


(UART or clock synchronous serial !/O) X 2 








8 -bitx 1 (4 channels) 





8 -bit< 1 ( 8 channels) 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


ABSOLUTE MAXIMUM RATINGS 











| 























Input voltage POy~P07, P1p~P17, P29~P27, P3p>~P3p, 
| ' P4o~P 4, P47, P5p~P57, P62~P6s, 

~P79~P7o, P77, P89~P8s3, P85, P87, Veer, Xin 

Output voltage 


\ 













POp~P07, P1p~P17, P29~P27, P39~P3p, 












Vo P49~P4o, P4,, P5o~ P57, P62~P6s5, 
_ lt 3 P7>~P72, P77, P8o~P8s, P86, P87, Xour, E 
Ta=25C | 
| Topr | Operatingtemperature | 


Storage temperature | 











RECOMMENDED OPERATING CONDITIONS (vec—sv+10%, Ta=—20~85C, unless otherwise noted) 


Symbol bE sk Parameter 


| 
Analog supply voltage. | a : 
High-level input voltage POp~ P07, P39~P32, P4p~P4z, P47, P5p~P5r, 
_ 3 P62~P6s, P7>~P72, P77, P8y>~P8s, 
——-PBg,.P87, Xin, RESET, CNVgs, BYTE — 
High-level input voltage P19~P17, P29>~P27 
| a (in single-chip mode) 
High-level input voltage P19~P17, P29>~P27 (in memory expansion 
. - mode and microprocessor mode) 
Low-level input voltage POo~P07, P389~P32, P4p~P42, P47, P5p~ P57, 
4 P62~P6s5, P79>~P72, P77, P89~P83, P8¢, P87, 
- Xi, RESET, CNVgs, BYTE | 
Low-level input voltage P19>~P17, P29~P2; . 
| (in single-chip mode)” 
Low-level input voltage P19~P17, P29~P2; (in memory expansion 











| . mode and microprocessor mode) 
High-level peak output current P0o~P07, Plo~P17, P29~P27, P3p~P3z, 
_ P4g~P42, P47, P5g~P57, P62~P6s, 
- P79~P7o, P77, P8y~P8s, P86, P87 
High-level average output current POg~P07, Plg~P17, P29>~P27, P3p~P3o, 
ba | P49~P4o, P47, P5p~P57; P62~P6s, 
P7o~P7, P77, P89~P83, P85, P87 
Low-level peak output current P0p~P07, Plo~P17, P29>~P27, P39~P32, 
. P4g~P42, P47, P5g~P5z7, Pb:~P65,, | 
: P7)~P72, P77, P89~P83, P8¢, P87’ 
Low-level average output current PO ~ P07, P19~P17, P25~P2;, P3p~P3o, 
P4)~P4p, P47, PSp~P57, P62~P6s, 
P7o~P7o, P77, P8y>~P83, P85, P87 | 
» 3 M37703M2-XXXSP, M37703S1SP ° 
External clock frequency input _ M37703M2AXXXSP, M37703S1ASP_ 
: . | | M37703M2BXXXSP, M37703S1ASP_ 


Note1. Average output current is the average value of a 100ms interval. 





( 


2. The sum of lo.(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less, : = 
the sum of lon(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less, ar . , oe 
_ the sum of lo.(peak) for ports P4, P5, P6 and P7 must be 80mA or less, and . 
the sum of lou(peak) for ports P4, P5, P6 and P7 must be 80mA or less. 
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M37703M2-XXXSP _ | 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f( Xin) =8MHz, unless otherwise noted) 


High-level output voltage PQ9~P07, Plp~P17, P29~P27, 

Vv P3bo, P3}, P49~P4o, P4,, 
P5o~P57, P62~P6s, P7o~P72, 

P77, P89~P8s, P8e, P87 




















Test conditions 













































Y OH loy=—10mMA 
High-level output voltage PO9~P07, P19 ~P17, P29~P27, 
Vou : i ee re ie Oa Ne ae Anon 4.7 Vv 
P39, P3, : 
| lon=—10mA ee 
Vou High-level output voltage P32 
= low=—10mA | 34 | 
Von High-level output voltage E 
diets ow ae eee 
Low-level output voltage PO9~P07, Plpo~P17, P29~P2;, | oe | 
P3o, P31, P49~P4o, P4z, 
Vor . \ : : : ; : loL=10mA : 
P5o~ P57, P62~P6s, P7o~P7a2, : 
P77, P89 ~P83, P8., P87 
Low-level output voltage POp~P07, Plo~P17, P29~P27, ; 
V lop=2mA ‘ 
| lop =10mA 
VoL Low-level output voltage P32 
: lop =2mA 
. eae loL=10mA 
VoL Low-level output voltage E : 
ey Hysteresis HOLD, RDY, TAOin~TA3pn, TBO, 
Tarde INTo~INT2, ADrrc, CTSo, CLKo 
Hysteresis RESET 





High-level input current PQg~P07, Plo~P17, P29~P27, 
P39~ P32, P49~P4o, P47, . 
P59~P57, P62z~P6s5, P7o~P72, 
P77, P897~P83, P8., P87, 
Xin, RESET, CNVss, BYTE 
POQo~P07, Plo~Pt17, P29~P27, 
P39~P32, P4gp~P4o, P47, 
P5o~P57, P62~P6s, P7o~P7a, 
P77, P89~P83, P8., P87, 
Xin, RESET, CNVgs, BYTE 




















Low-level input current 

































When clock is stopped. . 
(Xin) =8MHz, 
square waveform 


Ta=25C when clock 
is stopped. 

















In single-chip mode 
output only pin is 


| | Power supply current 
cc PPly open and other pins 





are Vss during reset. | T,==85'C when clock 


is stopped. | 





LA 





Absolute accuracy . 
| RLABpER: Ladder resistance Vrer=Voc : Sen 
Conversion time ; 
Reference voltage | | . Voc | 
Analog input voltage a 


Ys Vrer=Voc 
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/M37703M2AXXXSP 
ELECTRICAL CHARACTERISTICS (Voo=5V, Ves=0V, Ta=25°C, 1X) 16M unless otherwise sia) 











Parameter Test conditions 


Higl: -level output voltage P0p~P0,, P19~P17, P29~P27, 
P39, P31, P4g9~P4o, P4z, 

P5o~P57, P62~P6s5, P7o~P72, 
P77, P8o~ P83, P8e, P87 
High-level output voltage POo~P07, P19~P17, P29~P27, 
P89, P3; . 






isg=—10mA 



















lon= — 400A 


V ‘i he | output volt P3 | a sa mae 
igh-level output voltage fo=miomnk 
OH SNe Ov omen oma ae F loH= —400HA 


V Hi h-l , | R t volt E ch etl 
igh-level output voltage flow TOmA 
OH g P g lonp=—400uA 


Low-level output voltage P0o~ P07, Pig~Pty, P29>~P2z, 
P30, P3,, P4o~P42, P47, 
P5o~P57, P62~P65, P7o~P72, 
P77, P89~P83, P8.¢, P87 
Low-level output voliage POo~ P07, Pto~P17, P2o>~P27, 
P39, P3, 
















loL=10mA 



















lop=10mA 
lop =2mA 


| | foL=10mA 
ee level output voltage E 
7 loc-=2mA 
. Hysteresis HOLD, RDY, TAOijn~TA3n, TBO, | 
Vr4—Vi— 


~ Voi Low-level output voltage P3, 

























INTo~INTs, ADrna, CTSo, CLKo De, : | 
Hysteresis Xia : 

High-level inpet current POg~P07, Plo~P17, P2o~P27, 
. P39~ P32, P4p~P4e, P4z, 
P5 o~P5;, P6.~P65, P7p~P7o, 
P77, P89 ~P83, P8., P87, 
| Xin, RESET, CNVss, BYTE 
Low-level input current P0g~P07, P1o~P17, P2o>~P2r, 
P39~P32, P4g~P 4, P47, 
P5o~P57, P62~P65, P7p>~P72, 
P77, P89~P83, P8., P87, 
Xin, RESET, CNVsg, BYTE 


(Xn) =16MHz, 
- MA 
: c geet In single-chip mode. | square waveform 
Power Sop suirent : — output only pin is. | Ta==26'C when clock re 
: eo . open and other pins | is stopped. 


are Vss during reset. | T,=85°C when clock 
= is stopped. | . 


/ : 








hw 
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M37703M2BXXXSP 
ELECTRICAL CHARACTERISTICS ( (Voc=5V, Vss=OV, Ta=25C, f( Xin) =25MHz, unless otherwise noted) 


Symbol : Parameter Test conditions 


High-level output voltage P0)>~P07, P1p~P17, P2o~P2r, 
P39, P3;, P49~P42, P47, 
P5o~ P57, P62~P6s, P79~P72, 
P77, P8~P8s, P8., P87 
High-level output voltage PO9~P07, Plo~P17, P29~P2z, 
P39, P3; 


lon= = | OmA 
High-level output voltage P32 Ei aA 
OH™ _ FULL 


lon= —10mA 
lon= —400uA 


: | Low-level output voltage PO 9~P07, Pip~P17, P29~P27, 
P35, P31, P49~P4o0, P47, 
VoL : : 2 : : lo-=10mA 
P5o~P57, P62~P6s, P79>~P72, 
: P77, P8)~ P83, P8c, P87 


lon= —400uA 








High-level output voltage E 





Low-level output voltage POg~P07, P1p~P17, P29~P27, | 
loL=2mA 
P35, P3; 

















lo. =10mA 














Low-level output voltage P3, 
loc-=2mA 


Voi 
| — | lo.=10mA 

VoL Low-level output voltage E 

loL=2mA 
Ver—V Hysteresis HOLD, RDY, TAOQw~TA3n, TBOn, 
i i INTo~INTz, ADtac, CTS, CLKo 

(eM Nie Hysteresis RESET 
Hysteresis Xin 


ge -level input current POg~P07, P19o~P17, P29~P2z, 
P30~P32, P4p~P 42, P47, 

lw . PSo~P57, P62~P65, P7o~P72, | Vi=5V 
P77, P89 ~P8s3, P86, P87, 

L Xin, RESET, CNVsgs, BYTE 

Low-level input current POg~P07, P1o~P17, P29~P2z, ‘ 

| P39~P32, P4p~P4p, P47, 

P5o~ P57, P62~P6s, P79 ~P72, V;=0V 

P77, P8y>~P83, P85, P87, 

Xin, RESET, CNVsgs, BYTE 


RAM hold voltage a. When clock is stopped. . 
. | - f(Xin) =25MHz, ~ 


In single-chip mode | square waveform 
output only pin is Ta=25C when clock 
open and other pins | is stopped. . 

are Vss during reset. | T,.=85°C when clock 


is stopped. — 



















































































Power supply current 














( ’ ’ = , 


fo Resolution : te Vrer— Voc 











Absolute accuracy Vrer= Vcc 


Ladder resistance =i acess an ra 
| 9.12 












Conversion time | 
Reference voltage 
Ne 7 Analog input voltage 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


| TIMING REQUIREMENTS (Voo=5V+10%, Ves=0V, Ta=25, unless otherwise noted) 
External clock input _ po , * 3 


| , Sas aa | | 7 Limits 
Symbol S . Parameter | | 


External clock input cycle time 






‘External clock input high-level pulse width 
External clock input low-level pulse width 


te | External clock rise time 
te External. clock fall time SS 


_Single-chip mode 






| Symbol | / Parameter — 


Port P3 input setup time . | 


F teupanese)s | Port P4 input setup time 


1D 
O|o 


Port P6 input setup time 
Port P7 input setup time 
Port Pé .-rut setup time - 


1°?) 
oO 


E) 

E) 

E) | — 
E) —_ | 
E) | oa 

E) 

Port PO input hold time 

Port P1 input hold time 

| Port P2 input hold time 

Port P3 input hold time 

| th(e—pap) | Port P4 input hold time 

. . Port P5 input hold time . 

Port P6 input hold time 2 : 

| Port P8 input hold time | | 





Memory expansion mode and microprocessor mode 


Symbol | 


Port P1 input setup time r . i |. 30 - 

| Port P2 input setup time — 60 tan SS ae 30 ns: 
HOLD input setup time | | ieee a oe | 
Fthie-pip) | Port Ptinputholdtime CT CT Cf 









Parameter 
































| thcep2p) _ | Port P2 input hold time _ 
th(¢,—rRpby) | RDY input hold time 
th(¢,—HoLp) | HOLD input hold time or er | | 
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M37703M2-XXXSP,M37703M2AXXXSP,M37703M2BXXXSP 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





Timer A input (Count input in event counter mode) 


Symbol Parameter 
Min. 





TAiy input cycle time 
TAiiy input high-level pulse width 125 
TAiy input low-level pulse width 





Timer A input (Gating input in timer mode) 


. Limits 
Parameter | = BMHz 16MHz 25MHz Unit 
: | Min. | Max. | Min, | Max. | Min. | Max. | 


tw (TAH) TAiy input high-level pulse width 500 250 | = | eo |] ons 
TAiy input low-level pulse wit | 500 250 [| 160 | | ns] 














Timer A input (External trigger input in one-shot pulse mode) 
Limits 
Symbol Parameter 


TAiiy input cycle time 














tw (TAH) ’ TAiin input high-level pulse width 























tW(TAL) TAiin input low-level pulse width 


‘Timer A input (External trigger input in pulse width modulation mode) 


Limits 














_ Symbol ee | Parameter 














tw(TAH) TAiy input high-level pulse width 
tw(TAL) TAin input low-level pulse width 

















Timer A input (Upstionn input in event counter mode) 









Limits 










Symbol . . Parameter: 




















| TAigut input cycle time 










tecup) _ 














tw(uPH) TAiout input high-level pulse width 


rere TAioyr input low-level pulse width 


tsu(uP-Ty) TAiout input setup time | | 1000 
a TAiout input hold time. } 1000 
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SINGLE- CHIP 16- BIT CMOS. MICROCOMPUTER | 





Timer B input (Count input in event counter mode) 









Limits 





Parameter 





















TBO input cycle time (one edge count) 








TBO input high-level pulse width (one edge count) - aoe | | ons | 














TBOw input high-level pulse width (both auges count) 250 


Ra | TBOw input low-level pulse width (both edges count) 


Timer B input (Pulse period measurement mode) 


Limits 





Parameter 





TE 


to(TB) TBOww input cycle time 











tw(7TBH) TBOww input high-level pulse width 

















tw(TBL) TBOwn input low-level pulse width 


Timer B input (Pulse width aezeueient mode) 


- Limits 
Parameter a a 16MHz _. 25MHz 


Min: | Max. 

















TBOw input cycle time 





tw(TBH) TBOw input high-level pulse width | 














twits.) ° | TBOww input low-level pulse width. 
_A-D trigger input 


Limits 





Parameter “ Az 16MHz ~ 











to(ab) ADtrg input cycle time (minimum allowable trigger) 











tw(aDL) | ADtre input low-level pulse width 
Serial I/O 


. ‘s Limits 
Symbol a Oo Parameter H - 16MHz 














to(ckK) - | CLKo input cycle time | 








twicKn) CLKo input high- evero pulse ‘width 








twtr | CLKo input low-level al pulse width 


. tsu(o— ©) RxDp input setup time 
shies? as RxDo input hold time 


External interrupt INTj input 





























Parameter 











tWaNH) INTj input high-level pulse width 
INT; input low-level pulse width 














tWNL). 
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SWITCHING CHARACTERISTICS (vVcc=5V+10%, Vss=0V, Ta=25°, unless siitchaiee noted) 
Single-chip mode | , 
Limits 


Symbol Parameter Test conditions 


td(e—Poa) Port PO data output delay time . 
td(e—p19) Port P1 data output delay time 





td(e—p2aQ) Port P2 data output delay time 








td(e—p3aq) Port P3 data output delay time 











td(e—Pp4q) Port P4 data output delay time 











td(e—psa) Port P5 data output delay time 
td(e—p6a) Port P6 data output delay time 





‘td(e—P7aQ) Port P7 data output delay time 























td(eE—psaq) Port P8 data output delay time 


Limits 














Symbol , Parameter . 16MHz 











td(poa—e) Port PO address output delay time 








td(e—piaq) Port P1 data output delay time (BYTE=“L”) 








texz(—E—p1iz) | Port P1 floating start delay time (BYTE=“L”) 








td(p1a—e) Port P1 address output delay time 
tdipia—ace) | Port P1 address output delay time 
td(e—Pe2aq) Port P2 data output delay time 
tpxz(E—p2z) | Port P2 floating start delay time 
td( p2a—e) Port P2 address output delay time 


td(p2a—ace) | Port P2 address output delay time 


td(aLe—e) ‘ALE output delay time 











twiaLe) <- ALE pulse width 








td(BHE—E) BHE output delay time 
tacaayes R/W output delay time sere 

td(e—¢,) ¢, output delay time 

th(e—poa) | Port PO address hold time 

th(aLe—p1a), | Port P1 address hold time (BYTE=“L”) 


th(eE—P1qQ) Port P1 data hold time (BYTE=“L”) 


tezx(e—piz) | Port P1 floating release delay time (BYTE=“L”) 


th(e—p1a) | Port P1 address hold time (BYTE=“H”) 
th(aLe—p2a) | Port P2 address hold time 

























































































th(e—p2a) Port P2 data hold time 














tpzx(E—p2z) | Port P2 floating release delay time 


thie—sHe) | BHEholdtime __ a | 














th(e—rR/w) ‘| R/W hold time 





























tw(EL) E pulse width 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER | 


Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area accessed) 






Limits 
Parameter Test conditions 


Port PO address output delay time 
Port P1 data output delay time (BYTE=“L”) 
Port P1 floating start delay time (BYTE=“L”) 
Port P1 address output delay time oS 
Port P1 address output delay time 
| tdie—p2c) | Port P2 data output delay time 
Port P2 floating start delay time 
Port P2 address output delay time | 
| 
ALE output delay time 
BHE output delay time 
R/W output delay time 
¢, output delay time : a. 
Port P1 address hold time (BYTE="L”) 


thie—P1Q) Port P1 data hold time (BYTE=“L”) | 


Port P1 floating release delay time (BYTE=“L”) 


theca) Port P1 address hold time (BYTE=“H”) 


Port P2 address hold time eee mn 
th(e—p2a) Port P2 datahold time * | 
Port P2 floating release delay time 


thce—sue) | BHE hold time 


IE pulse width 











































































































‘Fig. 1 Testing circuit for ports PO~P8, ¢, 
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M37703M2-XXXSP, M37703M2AXXXSP, M37703M2BXXXSP 
M37703S1SP,M37703S1ASP,M37703S1BSP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


TIMING DIAGRAM 


= tr I tc ey ie 
Single-chip mode FA ee pee twin) at twiL) 





E 
wal tdi e—poa) 
Port PO output x 
tsu(poo—e) 
| | 
Port PO input thie—pop) 
rae td(e—Piq) 
Port P1 output iB. 
tsu(p1p—e) i 
i 
Port P1 input © th thie—Pip) 
mag td(e—p2q) 
Port P2 output x 
tsu(p20-e) 
aan 
Port P2 input thie—p2o) 
ney td(e—Ppaq) 
Port P3 output OM 
tsu(p30—€) I . 
Port P3 input 7 |) — thie—p30) 
 ] tdie—paq) 
Port P4 output e (| 
tsu(psp—e) _— 
Port P4 input | ‘+ ze thie—pap) 
. ly td(e—psa) 
Port P5 output Xx | 
tsu(Pso—e) r— 
« Port P5 input i. th(e—psp) 
tdlecnec) 
Port P6 output |X 
tsu(P60—€) 
_— 
- Port P6 input Tea) thie—Peo) 
Leg td(e—p7aQ) 
Port P7 output xX 
tsu(p70—-€) 7 
Port P7 input — | \ ticemay 
oe, nag tdie—psa) 
~ Port P8 output | . x 
tsuipao—e: pares 3 
Port P8 input im thie-Pso) 
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to(ta) 






tw(taH) 


TAiiy input 








tw(uPH) 


TAiout input 


TAiour input 





(Up-down input) N 
‘In Event counter mode 

TAiin input , 

(When count by falling) J thetjy—ur)| tsucur—tyy) 

TAin input 

(When count by rising) 
To(1e) © 

tw(TBH) 
as | twtBL) 

to(ap) 







tw(aot) 





ADrre input 


~ teick) 






















tw(cKH) 
CLK, - 
; thic—a) 
. oe. ab whi, i oo a teats 6)  _|_ thic—p) — 

ee 
RxDo | 

in | twine) 

INT; input 


twonn) 
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M37703M2- XXXSP, M37703M2AXXXSP,M37703M2BX XXSP 
M37703S1SP, M37703S1ASP, a ai 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion mode and microprocessor mode 


(When wait bit = “1”) ; 


?} 


mil 
~ 


RDY input 


tsu(Roy—¢ 4) thi¢ ;—Rby) 


(When wait bit = “0”) 


$y 


RDY input 


(When wait bit = “4” or “0” in common) 
?; 


thi ¢;—-HOLD) 


tsu(HoLD—¢ » 


HOLD input . 





-, Test conditions 


> Input timing voltage : Vi_=1. OV, Vin=4. OV. 
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/_M37703M2- XXXSP, M37703M2AXXXSP, M37703M2BXXXSP 
| -M37703S1SP, M37703S1ASP, M37703S1BSP 


x SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


_Memory expansion mode and. microprocessor mode (When wait bit="1") 


(Xin) 


Py 


Port PO output 
( Ao~Az ) 


Port P1 output . 
(Ag~A15/Dg~Dj5) 
(BYTE="L") % 


Port P1 output 
(Ag~Ais) 
(BYTE="H") 


Port P1 input 


‘Port P2 output . 
(Aie~Az3/Do~ D7). 


Port P2 input 


Port P3, output 
(ALE) 


Port P3, output 
(BHE) 


. Port P3, output 
(R/W) 


twiu—e— twin) pee 1 








th(ace—P1A) 


d(P1A—ALE) tdie—P1a) 


tezx(e—P1z) 


it 


Vi Data Address 


+E 


thie—P1a) 


= 


_ thiace- rank 


Cae = Th 


d(p2a— -ALE) 


— th(e—P1D) 





tezx(e=P2z) 


_ Address 


Test conditions 


Voc 5 VE10% 

Output timing vellege.s a. BV, Von=2. OV 
Ports P1,P2 input Vip =0. 8V, Vin=2.5V 
Port P4, input Virp=l. OV, Vin=4. OV 
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M37703M2-XXXSP,M37703M2AXXXSP,M37703M2BXXXSP 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion mode and microprocessor mode (When wait bit = “0”, and external memory area is accessed) 


- ty at 
$y 
a 

[ee 


A 









(Ao™Az 
tezx(e—P1z) 
spectral Eyres 
Port P1 output = 
(BYTE="L”") - 
td (P1A—ALE) 
. th(e—P1A) td(p1a—e) 
Port P1 output na pales 
wis nD GD 
(BYTE=“H") 


wa “ 


i tezx(g—P2z) 


Port P1 input 


(Aie~Ao3/Dp~D7) 7 | { — 


i 


Address 


td(p2a—ALe) 


Port P2 input 


Port P32 output 
(ALE) 


Port P3, output 
(BHE) 


Port P39 output 
(R/W) 


Test conditions 

* Vec= 5 V#10% 

> Output timing voltage : Vo, =0. 8V, Voy=2. OV - 
> Ports P1, P2 input Vit =0. 8V; Vin=2. SV 

- Port P4, input > ViL=1.0V, Vin=4. OV 











‘DESCRIPTION. 


The M37703M4-XXXSP. is a single-chip microcomputer de- | 
~ signed with high-performance CMOS silicon gate technolo- — 


gy. This is housed in a 64-pin shrink plastic molded DIP. 
This single-chip microcomputer has a large 16M bytes 


address space, three instruction queue buffers, and two - 


data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. This microcomputer is 
suitable for office, business and industrial equipment con- 
_ troller that require high-speed processing of large data. 

The differences between M37703M4-XXXSP, M37703M4A 
XXXSP,. M37703M4BXXXSP, M37703S4SP, M37703S4ASP 
and M37703S4BSP are the ROM size and the external 
clock input frequency as shown below. Therefore, the fol- 
lowing descriptions will be for the M37703M4-XXXSP un- 
less otherwise noted. | : 


ROM size ‘| External clock input frequency 
M37703M4-XXXSP 32K bytes 8 MHz 
M37703M4AXXXSP 32K bytes pa 16MHz 


| M87703M4BXXXSP 32K bytes 25MHz 
M37703S4SP_ | sExternal, =| | 8 MHz 


16MHz 
25MHz 











M37703S4ASP 
M37703S4BSP__ | External_ 


The M37703M4-XXXSP has the same functions as the 
M37703M2-XXXSP except for the memory size. — 


FEATURES 
@ Number of basic instructions SENT RR ERR RE ee a Saigo bears 103 
@ Memory size ROM ceceen ‘ee ceee sass sacbesaitaeesciG DK bytes 


PEAR Asses ates ngubnenicckeotes Se at 2048 bytes 
- @ Instruction execution time 
M37703M4-XXXSP, M37703S4SP | : 
(The fastest instruction at 8 MHz frequency) -::--: - 500ns 
M37703M4AXXXSP, M37703S4ASP 


(The fastest instruction at 16 MHz frequency)::-:*- 250ns 


M37703M4BXXXSP, M37703S4BSP 
(The fastest instruction at 25 MHz frequency):----: 160ns 


® Single power SUpply sree RU Sigetees amas Buohe 5V+10% 
@ Low power dissipation (at 8 MHz frequency) | 
eit ves eecteereseeeeaeteneeeteeenaee eenee Riidemrsnesedenets 30mW (Typ.) | 

@ Interrupts «+++ sees LRedassuieraeeirosta 19 types 7 levels 

@ Multiple function 16-bit timer: Roresionion: 5+3 

@ UART (may also be synchronous ) ss eaeseneenscesetsensesteess y) 

@ 8-bit A-D converter -*+-+-:---+++++-- eee 4-channel inputs 

@ 12-bit watchdog timer : 

@ Programmable input/output | | | 
(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) --1-es + 53 


__ M37703M4-XXXSP,M37703M4AXXXSP,M37703M4BXXXSP 
/ “““""M37703S4SP,M37703S4ASP,M37703S4BSP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


_ MITSUBISHI MICROCOMPUTERS | 







PIN CONFIGURATION (TOP VIEW) | 


















Voc 
++ P8o/CTSo/RTSp . 
+> P8,/CLKo 

+> P8,/RxDo 
++ P83/TxD, 

+> P8¢/RxD, 

++ P8,/TxD, 

+ P0o/Ao 
+> PO,/A, 

+> PO./Ao 

+> P03/A3 
+> P0,/A4 
> P0s/As 
+> P0¢/Acg 
+> P0,/Az 
+> P15/Ag/Ds. 
+ P14/Ag/Dg 
+> P15/Ayo/D49 
+> P13/A4,/D4, 
+> P14/A42/Dy42 
> P15/A43/D13 
+> P16/Ay4/D44 
+> P17/Ay5/Dy5 
++ P2o/Aie/Do 






. AVss 3. 
P77/AN7/ADsrRe + L4, 
P7>/ANs + 
P7,/AN, +> [6] | 
P79/ANo + 
P6;/TBO + L8. 
P6,/INT> ++ [9 | 
P63/INT, «> [10 
P6./INTo + [1 
P57/TA3in > 
P56/TA38qur1 

— P5s/TA2in 
P5,4/TA2out 
P53/TA1 in > 
P52/TAlour 
P5,/TAOw [18 
P5o/TAQour + L19) 
P4,/DBC* < [20] 
P4,/ 6, 

_ P4,/RDY + 

~ P4,/HOLD + 












_ 10 
dSXXXWPWNEOL ZEW 
dSXXX-PWEOLZEW 


dSXXXBPWEOLEN 









dSdrSeo/Zew 
dSVPSe0ZZEW 
_ dSPSE0ZZEW 












CNVsg +> P2,/A,7/D; 
RESET > +> P25/Ais/D> 
Xin > + P2./Ajo/D3 
Xourt + +> P2,/Az20/D, 
Ee +> P2;/Ao;/Ds 

Vee + P2¢/Mo0/Dé 






~P32/ALE 
P3,/BHE 


++ P2,/Az3/D7 
+> P3,/R/W . 









‘Outline 64P4B 


| *: Used in the evaluation chip mode only | 





APPLICATION: ; | aT: 
_ Control devices for office equipment such as copiers, prin- 
_ ters, typewriters, facsimiles, word processors, and personal 


computers | _ : 
Control devices for industrial equipment such as ME, NC, 
communication, and measuring instruments : 


THE FUNCTIONS AND CHARACTERISTICS 
The M37703M4-XXXSP has the same functions and charac- 
teristics as the M37703M2-XXXSP except for the ROM and 


RAM size. Refer to the section on the M37703M2-XXXSP. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. i. 
(1) M37703M4-XXXSP mask ROM order confirmation form 
(2) 64P4B mark specification form | 
(3) ROM data (EPROM 8 sets) 
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MITSUBISHI MICROCOMPUTERS | 


_M37720S1F P, M37720S 1AFP 





16-BIT CMOS MICROCOMPUTER 


DESCRIPTION 


| TRIN’ CONFIGURATION (TOP VIEW) 
The M87720S1FP and M37720S1AFP are 16-bit micro- . | 














computers designed with high-performance CMOS silicon | dy 
gate technology. These are housed in a. 100- -pin piaste ps cor 
- molded QFP. _. we ‘222 be 
These microcomputers have a large 16M bytes address: | as see 
space, three instruction queue buffers, and two data buffers © ttt ee 
for high-speed. instruction execution. They also incorporate Lrafoofe| 
a 4-channel DMA controller and a DRAM controller which _ sult eT | 
has a refresh function. The CPU is a 16-bit parallel proces- —|,_ Pas/RTP1, «+ 
sor that can also be switched to perform 8-bit parallel pro- aye | 
cessing. These microcomputers are suitable for office, P62/RTP0, +> [6] 
| | P6,/RTPO, +> (71 
business, and industrial equipment controller that Foguite PGa/RTPO> «> [E] 
high- -speed processing of large data. ae P57/TBI iy +> [2] 
The differences between M37720S1FP and M37720S1AFP : : 
is the external clock input frequency as shown below. = = 
Therefore, the following descriptions will be for the art 
M37720S1FP unless otherwise noted. _ © S 
| | —— 
Type © ROM size | External clock input frequency y vU 
M37720S1FP External | °— . 
M37720S1AFP External | | PLOs/TC + 2 
| a | rl =* 
FEATURES | Die, oe Se, Pro > 
Number of basic instructions": we eeee a Wrig.ie ewe nee sible e Soe evens 103 
: Memory size RAMs itrrrresseeeeeet teiowaddtanteles 512 bytes 
| . | ROM er eae a eas a External 
@ Instruction execution time a 
M37720S1FP , 
(The fastest instruction at 8MHz frequency) 
ee ia MERE RC TET ER EM CARTE ee Oe 500ns 
~ M37720S1AFP | is | 
(The fastest instruction at 16MHz frequency) 
eC Ada ane oh Baie clea Ri eadee Nad uh aera h lneree ~ 250ns 7 
@ Single power supply-*-**"- wiRearesati pienanaan des saeous 5V+10% | | Outline 100P6S | . 
@ OW power dissipation (at 8MHz frequency) ae tees ot : Used in the evaluation chip ede: only 
Cer Tew eR eT spaenrenaenaacat emir reeetondestisrestee A BAW Typ.) 
Interrupts : ibneeetrnettnneeen Seach ete tubes 23 types, 7 levels 
- Multiple function 16-bit nate ye 5S+3 
~UART (may also be synchronous) - seed ie aidandd Seapeiueanae 2. 
8-bit A-D converter -*--------: i aa ace  8- channel inputs 
DMA controller Peienaaes eabeaae tosh Settee eeeeeeeeeers -- 4-channel 
DRAM controller "Fe 2g. 3 ; 
4-bit real- time OUtpUt ster rreeeee aks vee ++ 2-channel 
Watchdog timer 7 a | 
Programmable input Sutput- 
(ports P4, PS, P6, P7, P8, P9, P10) veers vr 53 
APPLICATION 


Copiers, printers, typewriters, facsimiles, ‘optical disk units, 
hard disk drives, telecommunications equipment such as 
mobile radio and ISDN terminal units, and office automation 
(oa) Saapiaen including personal computers. 
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Data Buffer DB,,(8) 
Incrementer (24) 





Data Buffer DB, (8) 

Program Counter PC(16) 

Data bank register DT(8) 
nput Buffer Register 1B(16) 
Stack Pointer S(16) 








Instruction Queue Buffer Qo(8) K: 
Instruction Queue Buffer Q4(8) 
Instruction Queue Buffer Qo(8) 
Data Address Register DA(24) 
Incrementer/Decrementer (24) 
Program Bank Register PG(8) 
rocessor Status Register PS 
Direct Page Register DPR(16) 
Index Register Y(16) 
Index Register X(16) 





K —__}Program Address Register PA(24) 
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FUNCTIONS OF M37720S1FP > 





















































































































M37720S1FP a . 500ns (the fastest instructions, at 8MHz frequency) 
Instruction execution time ; ; 
gens M37720S1AFP ° _| 250ns (the fastest instructions, at 16MHz frequency) 
RAM ~ | | mies 512 bytes 
Memory size 
; P5~P10 ea | y- 8 -bitX 6 
| Input/Output ports — 
ih P4 ' , 5 -bitX 1 
| = TAO, TA1, TA2, TAS, TA4 | 16 -bitx 5 
Multi-function timers ; 
a ' | TBO, TB1, TB2 Oe. 16-bitX 3 
' Serial 1/O | | . (UART or clock synchronous serial I/O) X2 
Watchdog timer : | . _ | 12-bitX 1 


4 channels 






DMA controller j 
Maximum transfer rate : 8M bytes/second 


“CAS before RAS refresh” system 
| 8 -bit refresh timer incorporated 
_4 bitX2 channels 

3 external types, 20 internal types 













-DRAM controller - 
















Real-time output 











- Interrupts 





(Each interrupt can be set the priority levels to 0 ~ 7.) 
















Built-in (externally connected to a ceramic resonator or quartz crystal 
resonator) | 
5 V+10% : 

Power dissipation ~ | 45mW(at external 8 MHz frequency) 


i] Input/Output voltage av = - 
Input/Output characteristic: : 

Output current 5mA » 

| Memory expansion | Maximum 16M bytes | 

Operating temperature range —20~85C , 





Clock generating circuit 











Supply voltage. 



























, 
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M37720S1FP,M37720S1AFP 


16-BIT CMOS MICROCOMPUTER 





PIN DESCRIPTION (1) 


Power supply ot Supply 5 V+10% to Vcc and 0 V to Vgz. 
CNVsgzs input Connect to Vss or Vec. 


RESET Reset input To enter the reset state, this pin must be kept at a “L” condition should be maintained for the required 
time. 











RESETout Reset output | This pin outputs the response of reset input. When input to RESET pin is “L”, this pin outputs “L”. And out- 
put from this pin returns “H” after the release of reset. When the software reset bit is set to “1”, this pin out- 
puts “L”. 


Clock input This is an input pin for internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 





tween Xin and Xoyr. When an external clock is used, the clock source should be connected to the Xjy pin 
and the Xour pin should be left open. 





Clock output Output This is an output pin for internal clock generating circuit. When a resonator is used, the resonator should be 
connected between this pin and the Xj pin. 


Hee | Enable output Output Data or instruction read and data write are performed when output from this pin is “L”. 













































































' BYTE Bus width selection input Input This pin determines whether the external data bus is 8-bit width or 16-bit width. The width is 16 bits when 
“L” signal inputs and 8 bits when “H” signal inputs. . . ‘r 
STO, ST1 Status signal output Output The bus use status output is generated in 2-bit code. ST1 STO 
. Refresh 0 0 
Hold 0. 1 
i DMA 1 0 
CPU | 1 
AVcc; Analog supply input Power supply for the A-D converter. Connect AVcc to Vcc and AVsg to Vss externally. 
AVss . 
VRer Reference voltage input Input This is reference voltage input pin for the A-D converter. 
R/W, BHE, Memory control signal Output These pins are for R/W, BHE, ALE, and BLE output pins. 
ALE, BLE | output | | 
[ele Clock ¢1 output Output This is the $1 output pin which is divided the clock to Xin pin by 2. 
came , 
HOLD HOLD input Input This is an input pin for the HOLD request signal. 
RDY input cea This is an input pin for the RDY signal. ; | 
Address | Output These are output pins for the 8 low-order bits of addresses. When the DRAM is to be accessed, the row 
low-order/ and column addresses are generated by means of time division multiplexing. 
DRAM address 
\ 
A3/Dg~ Address 1/0 In cases where an external data bus width of 16 bits is used with the BYTE pin set to the “L” (Low) level, | 
Ais/Di5 medium-order/ the high-order data (Dis ~ Dg) input/output is effected at the “L” E output level, and the address output 
data high-order (Ais~Ag) is generated at the “H” (High) E output level. In cases where an external data bus width of 8 bits 
is used with the BYTE pin set to the “H” level, only the address (Ajs~Ag) output is generated. . 
Aie/Do~ Address high-order/ 1/0 When the E ‘output is “L”, the low-order data (D7~Do) input/output is effected. When the E output is “H”, 
Ao3/D7 ° ; data low-order * | the address output (Ao3~Ai6) is generated. : . 












Port P4 is an 5-bit I/O port. As it has an I/O directional register, it is possible to perform programming to 
determine whether each bit serves as an input pin or an output pin. 





1/O port P4 











Port P5 is an 8-bit 1/O port. It has basically the same functions as port P4. In addition, these pins also func- 
tion as I/O pins for timer A2, timer A3 and timer A4, and input pins for timer BO and timer B1. 





P5o~P5z 





1/O port P5 
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PIN DESCRIPTION (2) 





Pin | Name Input/Output ' ; . Functions 
1/O port P6 | Port P6 is an 8-bit /O port. It has basically the same functions as port P4. In addition, pins P6) through P63 


and pins P6, through P67 are capable of functioning as a 4-bit real-time output, respectively. 


1/0 port P7 . . . HF Port P7 is an 8-bit I/O port. it has basically the same functions as port P4. In addition, these pins also func- 
tion as input pins for analog inputs ANo through ANz. Pin P7; also has an A-D conversion trigger input func- 
tion. es 


1/O port P8. : Port P8'is an 8-bit |/O port. It has basically the same functions as port P4. In addition, these pins also func- 
- os | tion as RyD, TxD, CLK, and CTS/RTS pins for UARTO and UART1. 





I/O port P9 . ( Port P9 is an 8-bit !/O port. It has basically the same functions as port P4. In addition, these pins also func- 
tion as input pins for DMA request, and output pins for DMA acknowledge signal. 


P109~P107 | 1/O port P10 Port P10 is an 8-bit I/O port. It has basically the same functions as. port P4. In addition, 
. these pins also function as input pins for INTo/INT1/INT2, and I/O pin for TC, and out- 
put pins for RAS, CAS, MAg and MAg. 
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BASIC FUNCTION BLOCKS Addresses FFCE;, to FFFFig are the RESET and interrupt 


The M37720S1FP contains the following devices on a chip: vector addresses and store the interrupt vectors. Be sure to 
RAM for storing instructions and data, CPU for processing, set up external ROM for the interrupt vector table. Refer to 
bus interface unit (which controls instruction prefetch and the section on interrupts for details. | 
data read/write between CPU and memory), timers, UART, The 512 bytes area from addresses 80,¢ to 27Fi, contains 
A-D converter, and other peripheral devices such as 1/O_ the built-in RAM. In addition to storing data, the RAM is 
ports. ROM is not incorporated. Each of these devices are used as stack during a subroutine call, or interrupts. 
described below. Assigned to addresses 0;, to 7Fig are peripheral devices 
such as I/O ports, A-D converter, UART, timer, and inter- 
MEMORY | | rupt control registers. Registers necessary for DMA control 
The memory map is shown in Figure 1. The address space are assigned to addresses 1FC0,, through 1FFF¢. 
is 16M bytes from addresses 01, to FFFFFF,.. The address A 256 bytes direct page area can be allocated anywhere in 
space is divided into 64K bytes units called banks. The bank 0,, using the direct page register DPR. In direct page 
banks are numbered from 04, to FF4¢. addressing mode, the memory in the direct page area can 
- Built-in RAM, and control registers for built-in peripheral be accessed with two words thus reducing program steps. 


devices are assigned to bank 0j¢. 


000000, ~~ 00000016 | 
00007F 4 
\ 00008016 
Bank Or Peacoat. 
\ 


Peripheral devices 


control registers 








t) 
’ . ae internal RAM _ [Refer Fig.2] 
, i» Sy 512 bytes 
OOFFFF ict Set et eee ee ye oN x < 
010000 A a Je 
oe nN \\ 00327F ys 
' ' , YN 
Bank 116 - e ~. oS 
- : \ OO1F C016 Interrupt vector table’ 
: 01 FFFFioy Bee ae ee z \ \ DMA controller - OOFFCE4, r ast DMA3 ome | 
e 7 i : \ related register _ DMA2 
; , ! \ [Refer Fig.47] | FDMAt 
° ; \ efer Fig.47 yA 
e : 1 \ ; ; / t= A-Dconversion | 
ss \ | \ t /  TUART1 transmission | 
: R SS S iy ;__UART1 receive 4 
e : ; si 4 ! . / ‘tUARTO transmission ! 
Py 1 1 Ne ; . / “| _UARTO receive | 
é ; ' ae / | Timer B2 i 
e ' \ " $< 
° ' I \ ; en. Timer B1 
| i = \ \ t / Timer BO 
FEQO00 gh ‘ i i z 1 Timer A4 i 
UF a aa | 
\ i / -TimerAS ss! 
_ 1 Ps ' 1 y Timer A2 
Bank FEi6 : \- / a ~ Timer A1 ae: 
yo 1 [Timer AO! 
FEFFFFigh@ = a t ty . -— +4 
FFO000,¢ a eG ee 
\ ? 0 
: : \ 4 Watchdog timer 
I Ve | DBC 
BankFFie} sf QE ROOT TTT TT rae 
- : : | OOFFCE 1s ‘ 4 BRK Instruction ! 
1 M | _Zerodivide _y 
ON PEPER gkicutek oie oe = GORPESIS Cuetec cane fh ave OOPEF Ese: 2 RESET 2 4° 
CTI: Built in 
CIIIZZIZ}: Not built in 


Fig.1 -Memory map 
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Address (Hexadecimal notation) 


~ 000001 


000002 
000003 | 
0 ee 

000008 [SSS 
000006 [SSS 
DOU ae ee 

‘ooo [TSS 
000009 [ 
“000004 
000008, 
000006 
000000 
000008, 
00000F 
000010 
000011 
000012 
000013 
000014 
[Port Po data direction register SS 


. 000023 


~ . 000028 


~ 00002A 


~ 00002F 


—- 00003A |. UY ART transmission buffer register 7 
00003B 
00003c | UART1 transmit/receive. control register 0 
00003D | UART1 transmit/receive control register 1. 


‘ 


000000 










000015 Port P9 data direction register 


000016 
O00 ae ee 
000018 
Oe ee 


00001A 
00001B 
000010 
00001D 
00001E 
00001F 
000020 
000021 
000022 


Pulse output data register 0 







Pulse output data register 1 


A-D. control register | 
A-D sweep pin selection register 
A-D register 0 : 


- A-D register 1 


000024 
000025 
000026 
000027 


A-D register 2 


A-D register 3 

A-D register 4 
cee ee see eee ee 
ee OM ae ey || 


UARTO transmit/receive mode register 
UARTO bit rate register 


UARTO transmission buffer register | . 


000029 


00002B 
00002C 
00002D 
00002E 


000030 
000031 
000032 
000033 
000034. 
000035 
000036 
000037. 
000038 

000039 







UARTO transmit/receive control register 0 
UARTO transmit/receive control register 1 


_UARTO receive buffer register 


UART1. transmit/receive mode register rs 
UART1 bit rate register 


vs " 














00003E 


UART1 receive buffer register 
00003F : | 


5 é 


Address (Hexadecimal notation) 


000040 
000041 


000042 . 
000043 


000044 
000045, 
000046 


000047 . 


000048 


. 000049 


00004A 


~ 000048 


00004C 


00004D 
-00004E 
~ 00004F 


000050 
000051 
000052 
000053 
000054 
000055 
000056 
000057 
000058 
000059 


_00005A 


00005B 
00005C 
00005D 
00005E 
00005F 
000060 
000061 

000062 


' 000063 


000064 


000065 


000066 
000067 
000068 
000069 
00006A 
00006B 


00006C 
00006D 
00006E 


OOO06F 
000070 
000071 

000072 
000073 
000074 
000075 
000076 
000077 


000078 


000079 
00007A 
00007B 


00007C 
00007D 
- Q0007E 


00007F 





1 INTo interrupt control register — . 
INT 2 interrupt control register = 


Count start flag __ | 


One shot start flag | ee a ee 
Up-down flag cers | ay 


Timer AO ! 


| 
| 


[Timer At mode register SSS 
[Processor mode register_——SsS—SSY 


tee eertnn eee Soe 
Watchdog timer 


| Watchdog timer frequency selection flag 
Real-time output control register ‘ 


eae ere eee s see ee 
DRAM control register 




































Poe ae 
Refresh timer SSSSSSS—~*dtSC 
ett ee ee 
DMAC controtregisterU_———SSSSSCS—S 
a ee 
ee es ee 
[DMA interrupt control register SSS 
[UARTO receive interrupt control register +d: 






























INT 1 interrupt control register 


Fig.2 Location of peripheral devices and interrupt control registers 





. - ¢ MITSUBISHI 


MITSUBISHI MICROCOMPUTERS | 


M37720S1FP, M37720S1AFP 


16-BIT CMOS MICROCOMPUTER 





CENTRAL PROCESSING UNIT (CPU) 
The CPU has ten registers and is shown in Figure 3. Each 
of these registers is described below. 


ACCUMULATOR A (A) | 

Accumulator A is the main register of the microcomputer. It 
consists of 16 bits and the lower 8 bits can be used separ- 
ately. The data length flag m determines whether the regis- 
ter is used as 16-bit register or as 8-bit register. It is used 
as a 16-bit register when flag m is “O” and as an 8-bit reg- 
ister when flag m is “1”. Flag m is a part of the processor 
status register (PS) which is described later. 

Data operations such as calculations, data transfer, input/ 
output, etc., is executed mainly through the accumulator. 


ACCUMULATOR B (B) 

Accumulator B has the same functions as accumulator A, 
but the use of accumulator B requires more instruction 
bytes and execution cycles than accumulator A. 


INDEX REGISTER X (X) | 
Index register X consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
“0” and as an 8-bit register when flag x is “1”. Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. : 


0 


Program bank register PG 


7 0 


| Data bank register DT 


Fig.3 Register structure - 





In index addressing mode, register X is used as the index 
register and the contents of this address is added to obtain . 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register X indicates the low- 
order 16 bits of the source data address. The third byte of 
the MVP and MVN is the high-order 8 bits of the source 
data address. | 


INDEX REGISTER Y (Y) 

Index register Y consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
“0” and as an 8-bit register when flag x is “1”. Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. | 

In index addressing mode, register Y is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the content of index register Y indicates the low- 
order 16 bits of the destination address. The second byte of 
the MVP and MVN is the high-order 8 bits of the destina- 
tion data address. 


Accumulator A 
Accumulator B 

Index register X 

index register Y 

Stack pointer S 

Program counter PC. - 
Direct page register DPR 


Processor status register PS 


Carry flag 

Zero flag 

Interrupt disable flag. 

Decimal mode flag 

index register length flag 
Data length flag 

Overflow flag 

~ Negative flag. 
Processor interrupt priority level IPL — 
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STACK POINTER (S) - = 
Stack pointer (S) is a 16-bit ‘eigistet It is used ; dunag a 


subroutine call or interrupts. It is also. used during stack, 


stack pointer relative, or stack pointer relative indirect in- 
_dexed Y addressing mode. 


For stack area selection, use bit 7 aaek bank: Saleen bit 


of the processor mode register (address 5E,¢). When the. 
bit is set to “O”, the stack area is set to bank'01¢. When the 
bit is “1”, the stack area. is set to bank: FP ie This bit de- 
Taults to 0 upon resetting. 


PROGRAM COUNTER (PC) 


Program counter (PC) is a 16-bit counter that indicates the 


low-order 16 bits of the next program memory address to 


be executed. There is a bus interface unit between the 


program memory and the CPU, so that the program mem- 
ory is accessed through bus interface unit. That is de- 
scribed later, bY 


PROGRAM BANK REGISTER (PG) 

Program bank register (PG).is an 8-bit register that indi- 
cates the high-order 8 bits of the next. program memory 
address to be executed. When a- carry: occurs by in- 
crementing the contents of the program counter, the con- 
tents. of the program bank register (PG) is incremented by 
1. Also, when a carry or borrow occurs after adding or sub- 


_ tracting the offset value to or from the contents of the prog- | 


ram counter (PC) using branch instruction, the contents of 
the program bank register (PG) is incremented. or de- 
cremented by 1 so that programs can be written without 
worrying about pans boundaries. 


DATA BANK REGISTER (DT) 

Data bank register (DT) is an 8-bit register. With some 
addressing modes, a part of the data bank register OL is 
used to specify a memory address. 


The contents of data bank register (DT) is used as the 


high- -order 8 bits of. a 24-bit address. Addressing modes 


that use the data bank register (DT) are direct indirect, 


direct indexed X indirect, direct indirect indexed Y, 
absoulute, absolute bit, absolute indexed X, absolute inde- 
xed Y, absolute bit relative, and stack pointer relative in- 
direct indexed Y. 


DIRECT PAGE REGISTER (DPR) 
Direct page register (DPR) is a 16-bit register. Its contents 
is used as the base address ofa 256byte direct page area. 


The direct page area is allocated in bank O16, but when the 


contents of DPR is FF014, or greater, the direct page area 
spans across bank 04. and bank 14.. All direct addressing 
modes use the contents of the direct page register (DPR) 


to generate the data address. If the low- order 8 bits of the © 


- direct page register (DPR) is “00,¢”, the number of cycles 


required to generate the address is minimized. Therefore, — 


nomally the low- order 8 bits. of the direct page register 
ABER) is set to ‘ mai: , , : 


PROCESSOR. STATUS REGISTER. (PS) | 
Processor status register (PS).is an. 11-bit register. It con-_ 
sists of a flag to indicate | the result of operation and CPU | 
interrupt levels. . 
Branch operations can be performed by testing the flags, 
C, Z,.V, and N. 


. The details. of each _ processor status register bit are de-- 
scribed below. : 


1. Carry flag (Cc) 


The carry flag contains the carry or borrow aoaeraiea by 
the ALU after an arithmetic operation. This flag is also .— 
affected by shift and rotate instructions. This flag can be set | 
and reset directly with the SEC and CLC instructions or — 
with the SEP and. CLP instructions. | 


2. Zero flag (Zz) | 

This. zero flag is set if the result of an atiinnietié operation 
or data transfer is zero and reset if it is not. This flag can 
pee and reset directly with the SEP: and CLP instructions. 


3. interuae disable flag () 


When the interrupt disable flag is set to “1”, all interrupts 
except watchdog timer, DBC, and software interrupt are 
disabled. This flag is set to “1” automatically when inter- 





_rupts are serviced. It can be set and reset directly with the 


SEI and CLI instructions or SEP and CLP instructions. . 


4. Decimal mode flag (D) 

The decimal mode flag determines whether addition and 
subtraction are performed as binary or decimal. | 

Binary arithmetic is performed when this flag is “O”. If it is 
“1”, decimal arithmetic is performed with each word treated. 


as two or four digit decimal. Arithmetic operation is per- 


formed using four digits when the data length flag m is “0” 
and with two digits when it is “1”. (Decimal operation is. 
possible only with the ADC and SBC instructions. ) This flag 
can be set and reset with the SEP and CLP instructions. 
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5. Index register length flag (X) | 
The index register length flag determines whether index 
register X and index register Y are used as 16-bit registers 
or as 8-bit registers. The registers are used as 16-bit regis- 
ters when flag x is “O” and as 8-bit registers when it is “1”. 
This flag can be set and reset with the SEP and CLP in- 
structions. : | 


6. Data length flag (m) 


The data length flag determines whether the data length is | 


16-bit or 8-bit. The data length is 16-bit when flag m is “OQ” 
and 8-bit when it is “1”. This flag can be set and reset with 
the SEM and CLM instructions or with the SEP and CLP in- 
structions. | 


7. Overflow flag (V) 
The overflow flag has meaning when addition or subtraction 
is performed as signed binary number. When the data 


length flag m is “0”, the overflow flag is set when the result 


of addition or subtraction is outside the range between 
—32768 and + 32767. When the data length flag m is “1”, 
the overflow flag is set when the result of addition or sub- 
traction is outside the range between —128 and +127. It is 
reset in all other cases. The overflow flag can also be set 
and reset directly with the SEP, and CLV or CLP instruc- 
tions. 


8. Negative flag (N) 7 
The negative flag is set when the result of arithmetic op- 
~ eration or data transfer is negative (If data length flag m is 
“0”, when data bit 15 is “1”. If data length flag m is “1”, 
when data bit 7 is “1”.) It is reset in all other cases. It can 
also be set and reset with the SEP and CLP instructions. 


Control signal 


16-BIT CMOS MICROCOM PUTE 


9. Processor interrupt priority level (IPL) 

The processor interrupt priority level (IPL) consists of 3 
bits and determines the priority of processor interrupts from 
level 0 to level 7. Interrupt is enabled when the interrupt 
priority (set using the interrupt control register) of the de- 


_vice requesting interrupt is higher than the processor inter- 


rupt priority. When interrupt is enabled, the current proces- 
sor interrupt priority level is saved in a stack and the pro- 
cessor interrupt priority level is replaced by the interrupt 
priority level of the device requesting the interrupt. Refer to 
the section on interrupts for more details. 


BUS INTERFACE UNIT 

The CPU operates on an internal clock frequency which is 
obtained by dividing the external clock frequency f(Xin) by 
two. This frequency is twice the bus cycle frequency. In . 
order to speed-up processing, a bus interface unit is used 
to pre-fetch instructions when the data bus is idle. The bus 
interface unit synchronizes the CPU and the bus access 
timing and pre-feches instructions. Figure 4 shows the rela- 
tionship between the CPU and the bus interface unit. The 
bus interface unit has a program address register, a 3-byte 
instruction queue buffer, a data address register, and a 2- 
byte data buffer. 

The bus interface unit obtains an instruction code from 
memory and stores it in the instruction queue buffer, 
obtains data from memory and stores it in the data buffer, 
or writes the data from the data buffer to the memory. 


interface — 
unit 


Ge ee 





_Fig.4 . Relationship between the CPU and the bus interface unit 
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The bus interface unit operates using one of the waveforms 
(1) to (6) shown in Figure 5. The sandare Wavelone are (1) . 
and (2). | , 


The ALE signal is used to latch only the address signal oh: dase sox FULL 


from the multiplexed signal containing data and address. 


The E signal becomes “L” when the bus interface unit _ Ay/D. 
reads an instruction code or data from memory or when it |. o£ — -— 
writes data to memory. Whether to perform read or write is ge Fi Ss - 


controlled by the R/W signal. Read is performed when the | . 
R/W. signal is “H” state and write is performed when itis | . | sa 
“L" state. . o | , 

Waveform (1) in Figure 5 is used to access a single byte or 
two bytes simultaneously. To read ‘or write two bytes simul- 
taneously, the first address accessed must be even. Furth- 
ermore, when accessing an external memory area, set the 
bus width selection input pin BYTE to “L”. (external data 
bus width to 16 bits) The internal memory area is always 
treated as 16-bit bus width regardless of BYTE. 

When performing 16-bit data read or write, if the conditions 
for simultaneously accessing two bytes are not satisfied, 
waveform (2) is used to access each byte one by one. 
However, when prefetching the instruction code, if the 
address of the instruction code is odd, only one byte is | 
read in the instruction queue buffer. 


The signals BLE and BHE in Figure 5 are used to control KA KD KAT DD) 


these cases: 1-byte read from even address, 1-byte read 2 i: =F 


from odd address, 2-byte simultaneous read from even and _ | ; tan 
— a = i a 


E 


(ae 


— A 
a 
an Co GD ae 
Ps ee ees 
<—___—_—___>| 


odd addresses, 1-byte write.to even address, 1-byte write 
to odd address, or 2- -byte simultaneous write to even and 
odd addresses. | 

The BLE signal becomes “L” when an even number 
address is accessed. The BHE signal becomes “L” when 
an odd number address is accessed. | | a —€E | | 

The bit 2 of processor mode register (address 5E,6) is the | 
wait bit. When this bit is set to “0”, the “L” width of E signal ee ee ed 
is extended 2 times as long when accessing an external ae 
memory area in microprocessor mode. However, the “L” | vs | 
width of E signal is not extended when an internal memory ~__XAKDXAtK DX | 
area is accessed. When the wait bit is “1”, the “L” width of | es oe ye | 

_E signal is not extended for any accéss. Waveform (3)isan |}  — L_J LH J | 
expansion of the “L” width of E signal in waveform (1). 7 7 

Waveform (4), (5), and (6) are expansion of the “L” width of 

each E signal in waveform (2), first half of waveform (2), and. Se 

the last half of waveform (2) respectively. | 
Instruction code read, data read, and data write are de- - 
scribed below. ; 7 ; & A: Addtess - D- Data 


| SE Access 2- -byte | Access even Access odd 
simultaneously address 1- a address 1- -byte 








Fig.5 Relationship between access method and signals 
BLE and BHE 


2-96 mae SO Aa 
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Instruction code read will be described first. 

The CPU obtains instruction codes from the instruction 
queue buffer and executes them. The CPU notifies the bus 
interface unit that it is requesting an instruction code during 
an instruction code request cycle. If the requested instruc- 
tion code is not yet stored in the instruction queue buffer, 
the bus interface unit halts the CPU until it can store more 
instructions than requested in the instruction queue buffer. 
Even if there is no instruction code request from the CPU, 
the bus interface unit reads instruction codes from memory 
and stores them in the instruction queue buffer when the 
instruction queue buffer is empty or when only one instruc- 
tion code is stored and the bus is idle on the next cycle. 
This is referred to as instruction pre-fetching. 

Normally, when reading an instruction code from memory, if 
the accessed address is even the next odd address is read 
together with the instruction code and stored in the instruc- 
tion queue buffer. 

However, if the bus width switching pin BYTE is “H”, exter- 
nal data bus width is 8 bits and the address to be read is in 
external memory area, or the addresses to be read is odd, 
only one byte is read and stored in the instruction queue 
buffer. Therefore, waveform (1) or (3) in Figure 5 in used for 
instruction code read. 

Data read and write are described below. : 

The CPU notifies the bus interface unit when performing 
data read or write. At this time, the bus interface unit halts 
the CPU if the bus interface unit is already using the bus or 
if there is a request with higher priority. When data read or 
write is enabled, the bus interface unit uses one of the — 
waveforms from (1) to (6) in Figure 5 to perform the opera- 
tion. a anise | 

During data read, the CPU waits until the entire data is 
stored in the data buffer. The bus interface unit sends the 
- address received from the CPU to the address bus. Then it 
reads the memory when the E signal is “L” and stores the 
result in the data buffer. | 

During data write, the CPU writes the. data in the data buf- 
fer and the bus interface unit writes it to memory. There- 
fore, the CPU can proceed to the next step without waiting 
for write to complete. The bus interface unit sends the 
address received from the CPU to the address bus. Then 
when the E signal is “L”, the bus interface unit sends the 
data in the data buffer to the data bus writes it to memory. 
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INTERRUPTS ~ e 4 

Table 1 shows the interrupt sources and the corresponding 
interrupt vector addresses. Reset is also treated as a kind 
of interrupt and is discussed in this section, too. | | 
DBC is an interrupt used for debugging. 


Interrupts other than reset, DBC, watchdog timer, zero di- 


vide, and BRK instruction all have interrupt control regis- 
ters. Table 2 shows the addresses of the interrupt control 
registers and Figure 6 shows the bit configuration of the in- 
> terrupt control register. The interrupt request bit is auto- 
matically cleared by the hardware during. reset or when 
‘processing an interrupt. Also, Interrupt ‘request bits other 
than DBC and watchdog timer can be cleared by software. 
INT, to INTo are external interrupts and whether to cause 


an interrupt at the input level (level sense) or at the edge > 


(edge sense) can be selected with the level sense/edge 
sense selection bit. Furthermore, the polarity of the inter- 
rupt input can be selected with polarity selection bit. 

Timer and UART interrupts described in the respective 
section. | fi 
The priority of interrupts when multiple interrupts are 
caused simultaneously is partially fixed by hardware, but, it 
can also be adjusted by software as shown in Figure 7. The 
hardware priority is fixed the following: 

reset >DBC> watchdog timer> other interrupts 


Interrupt priority 
interrupt request bit 
0 : No interrupt 

- 1 ¢ Interrupt 


_| INT) external interrupt . OOFFF4i, OOFFF5,.¢ 


Table 1. Interrupt sources and the interrupt. vector 
addresses : @ 


DMA3 QOFFCE,, OOFFCFig © 












| 
__00FFD8 1. 


OOFFD94, 
UART1 receive OOFFDA;, OOFFDBi. 
QOFFOC\, OOFFOD 


| 


Preset SS*dYCCOF Eg OFF g 


S 


OOFFF8,¢ OOFFF91.¢ 





Interrupt control register configuration for DMAO~DMAS, A-D converter, UARTO, UART1, timer AO~timer A4, timer BO~timer B2 


76543210 


aa aa Interrupt priority 


Interrupt request bit 
0 : No interrupt 
1 : Interrupt 

Polarity selection bit 


0 : Set interrupt request bit at “H” level sense and when changing from “H” to “L” level for edge sense 


1 : Set interrupt request bit at “L” level sense and when changing from “L” to “H” level for edge sense 


Level sense/edge sense selection bit | 


0 : Edge sense 
1 : Level sense 


Interrupt control register configuration for INT2~INTo. 


Fig.6 Interrupt control register configuration 
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Table 2. Address of interrupt control registers 












|_A-D conversion interrupt control register | 00007015 


UARTO receive interrupt control register 0000724, 
UART1 transmit interrupt control register - 00007346 



















Timer A4 interrupt control register 000079, 
Timer BO interrupt control register ex 00007 Ai¢ 
Timer B2 interrupt control register 00007Ci, 


INT, interrupt control register 00007E1¢ 
INT». interrupt control register 00007 Fi¢ 


INT) interrupt control register 00007D.¢ 






Interrupts caused by a BRK instruction and when dividing 
by zero are software interrupts and are not included in this 
list. | 


Other interrupts previously mentioned are DMA, A-D con- - 


verter, UART, Timer, INT interrupts. The priority of these in- 
terrupts can be changed by changing the priority level in 
the corresponding interrupt control register by software. 
Figure 8 shows a diagram of the interrupt priority resolution 
circuit. When an interrupt is caused, the each interrupt de- 
vice compares its own priority with the priority from above 
and if its own priority is higher, then it sends the priority be- 
low and requests the interrupt. If the priorities are .the 
same, the one above has priority. 
This comparison is repeated to select the interrupt with the 
highest priority among the interrupts that are being re- 
| quested. Finally the selected interrupt is compared with the 
processor interrupt priority level (IPL) contained in the pro- 
cessor status register (PS) and the request is accepted if it 
' is higher than IPL and the interrupt disable flag | is “O”. The 
request is not accepted if flag | is “1”. The reset, DBC, and 


watchdog timer interrupts are not affected by the interrupt 


disable flag I. | | 
When an interrupt is accepted, the contents of the proces- 


sor status register (PS) is saved to the stack and the inter- - 


rupt disable flag | is set to “1”. 

Furthermore, the interrupt request bit of the accepted inter- 
rupt is cleared to “0” and the processor interrupt priority 
level (IPL) in the processor status register (PS) is re- 
placed by the priority level of the accepted interrupt. 


_ Therefore, multi-level priority interrupts are possible by re- 


setting the interrupt disable flag | to “O” and enable further 
interrupts. a 4 


Interrupts | 


UARTO transmit interrupt control register 000071,, | 








For reset, DBC, watchdog timer, zero divide, and BRK in- 
struction interrupts, which do not have an interrupt control 
register, the processor interrupt level (IPL) is set as shown 
in Table 3. a 

Priority resolution is performed by latching the interrupt re- 
quest bit and interrupt priority level so that they do not 
change. They are sampled at the first half and latched at 
the last half of the operation code fetch cycle. 


Priority is determined by hardware 


@ ® oO) 


Watchdogi | =~ 
= 


Interrupt by A-D conversion, UART, and so on 
[Priority can be changed with software inside @] 


Fig.7 Interrupt priority 


Level 0 
DMAS 


DMA2 
DMA1 © 
DMAO 


Interrupt request JU 


a ARTOtransmit 


SIHSHSH: 

Oo 

Difax 

aHaits 

3Helis 

Olls Ilo 

Q 

O14} 2 1]. 
LHe 

5 t2 418 


O<-<t<<KIKIKIKIKIKIKIKIKIKIK<<IKIKIF< 


ARTOreceive 


on) 
‘a 
timer. 


Pa Timer A1 


Timer B1 


Timer BO 


Ac 
3 
—fi— fie @ 
ZHIZNiz cs 
SW aiist @ 


Timer A4 
: Timer A3 
Timer A2 


Interrupt disable flag | Timer AO _ 


/\ 
IPL 


Fig.8 Interrupt priority resolution . 
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Because priority resolution takes some time, no sampling Table 3. Value set in processor interrupt level (IPL) dur- | 
pulse is generated for a certain interval even if it is the next ing an interrupt 
operation code fetch cycle. — 


Interrupt types Setting value 
Watchdog timer | 
















As shown in-Figure 9, there are three different interrupt 
priority resolution time from which one is selected by soft- 
ware. After the selected time has elapsed, the highest 
‘priority is determined and is processed after the currently 
executing instruction has been completed. 

The time is selected with bits 4 and 5 of the processor — 
mode register (address 5Ei¢) shown in Figure 10. Table 4 
shows the relationship between these bits and the number 
of cycles. After a reset, the processor mode register is in- — 
itialized to “00,6” and therefore, the longest time is 
selected. | | 
However, the shortest time may be selected by software. 


Not change value of IPL 


BRK instruction _ Not change value of IPL. 7 


Table 4. Relationship between priority level evaluation 
time selection bit and number of cycles 


+ Number of cycles ; 


7 cycles of ¢ 


4 cycles of ¢ 








¢: Internal clock 


Internal clock ¢ 


Operation code fetch cycle 


Sampling pulse 


Priority resolution time . 
[Select from 0 to 2 with bits 4 and 5 
of the processor mode register] 


_ Fig.9 Interrupt priority resolution time 


7 6 5 43 241 «90 : ee 
pathy ay eae sats Ron ke 4 Processor mode register(address 5E4¢) 
| a 7 | —— Processor mode bit 
Q : Microprocessor mode 


| 1 : Evaluation chip mode 
, Wait bit ae 


| 0 : Wait 
1: No wait 


Software reset bit | 
The processor is reset when this bit is set to “1” 


eae eee eee Priority resolution time selection bit . 
. 00 :SelectOin FigureQ — 
0 1. : Select 1 in Figure 9 
1 0 : Select 2 in Figure 9 


ieee sar eee ees ‘Test mode bit — | 
_Must be “0” 


tack bank selection bi 
Q ° Bank O16 


. : = i : 7 
; : S 
| 1 : Bank FF ig 7 





Fig.10 Processor mode register configuration 


- ; , ' « G % rs x [PSSM O IER ALE SESE IIE EST TP IT ILE HEE BE EDR LE ; . c . — : . 
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TIMER 

There are eight 16-bit timers. They are divided by type into 
timer A(5) and timer B (3). 

The timer I/O pins are shared with I/O pins for port P5. To 
use these pins as timer input pins, the direction register bit 
corresponding to the pin must be cleared to “0” to specify 
input mode. : 


TIMER A 
Figure 11 shows a block diagram of timer A. 

_Timer A has four modes; timer mode, event counter mode, 
one-shot pulse mode, and pulse width modulation mode. 
The mode is selected with bits 0 and 1 of the timer Ai 
mode register (i=0 to 4). 

Each of these modes is described below. 


Clock source selection 


e Timer. 

¢ One-shot . 

¢ Pulse width modulation 
© 


— 
fie—o 
fea —o 


Timer( gate function) 
f512__o 


Event counter 


Polarity 
selection 





External trigger 


_ Reload register(16) 


Count start flag 


(Address 40.) 


Down count ———o 


_Up-down flag _ rom 


(1) Timer mode [00] 

Figure 12 shows the bit configuration of the timer Ai mode 
register during timer mode. Bits 0, 1, and 5 of the timer Ai 
mode register must always be “0” in timer mode. 

Bit 3 is ignored if bit 4 is “O”. 

Bits 6 and 7 are used to select the timer counter source. 
The counting of the selected clock starts when the count 
start flag is “1” and stops when it is “O”. 

Figure 13 shows the bit configuration of the count start flag. 
The counter is decremented, an interrupt is caused and the 
interrupt request bit in the timer Ai interrupt control register 
is set when the contents becomes 0000,,¢. At the same 
time, the contents of the reload register is transferred to the 
counter and count is continued. : 


(Upper 8 bits) 





Counter(16) 


Address 


Up/down Timer AO 4716 4646 


[Always decremented | TimerA1 4916 4816 


except in event count 


TimerA2 4Bie 4Ai6 
mode] 


TimerA3 4Dig 4Ci6 
TimerA4 4Fig 4Ex6 


(Address 444.) 


Pulse output — 


| TAjout 
(j=2 to 4) 


Fig.11 Block diagram of timer A 


Toggle flip-flop } 
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When bit 2 of the timer Ai mode register is “1”, the output 
is generated from TAjour(j=2 to 4) pin. The output is tog- 
gled each time the contents of the counter reaches. to 
0000,¢. When the contents of the count start ae is “O",“L” 
is output from TAlsus pin. oe 

When bit 2 is “0”, TAjour can be used as a normal port pin. 


_ When bit 4 is 40" TAjin can be used as a normal port pin. 


When bit 4 is “1”, counting is performed only while the in- 
put signal from the TAjiy pin is “H” or “L” as shown in Fi- 
_ gure. 14. Therefore, this can be used to measure the pulse 


~ width of the TAjjy input signal. Whether to count while the — 
input signal is “H” or while itis “L” is determined by. bit 3. If 


bit 3 is “1”, counting is performed while the TAjin pin input 
signal is “H” and if bit 3 is “0”, sound is performed while 
itis “L”. 





7 6 5 4 8. 2 141 0 — 


16-BIT CMOS MICROCOMPUTER | 


Note that the duration of “H” or “L” on the TAjin pin must be 


two or more cycles of the timer count source. . 


‘When data is written into timer Ai while it is not operating, : 


the data is written into the reload register and counter. On 
the other hand, when data is written into timer Ai while it is 
operating, the data is written into the reload register only 
and not into the counter. When reloading is initiated next, 


new data is reloaded from the reload register into the coun- 
ter for operation continuation. The contents of the counter 


can be read at any time. : 

When the value set in the timer Ai weaisiek is n, the timer 
frequency dividing ratio is 1/(n+1). 

As timers AO and A1 do not have the TAin and TAour pin, 
be sure to use the timer mode. 


- Address 
Timer AO mode register 564.6 
Timer A1 mode register 5/16 
"Timer A2 mode register 5815 
Timer A3 mode register 5915 | 
Timer A4 mode register “SAi¢ 





-0 0 : Always “00” in timer mode 


0 : No pulse output( TAjour is normal port pin) 


1 : Pulse output 


0 x : No gate function(TAjin is normal port pin) 
1 0 : Count only while TAjin input is “L” 
1 1 = Count only while TAjiy input is “H” 


0 : Always “0” in timer mode 


Clock source selection bit 


00 : Select f. 

01 : Select fig. 
10 : Select fe, 
11 : Select fs12 


Fig.12 Timer Ai mode register bit configuration in timer mode 
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Count start flag Address 
(Stop at “0”, Start at “1”) 4016 


7 6 5 4 3 2.61 0 


Timer AO count start flag 
Timer A1 count start flag 
Timer A2 count start flag - 
Timer A3 count start flag 
Timer A4 count start flag 
Timer BO count start flag 


Timer Bi count start flag 


Timer B2 count start flag 





-Fig.13 Count start flag bit configuration 


Selected clock source fj 


TAjin | | | | | | | 


. Timer mode register 
Bit 4 Bit 3 


ee ns TW 


Timer mode register 
Bit 4 Bit 3 


, cae TM LULA 





-Fig.14 Count waveform when gate function.is available 
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(2) Event counter meds [o1] 

Figure 15 shows the bit. configuration of the timer Aj mode 
register during event counter mode. In event counter mode, | 
the bit 0 of the timer Aj(j=2 to 4) mode register must be 
“41” and bit 1 and bit 5 must be “0”. 
The input signal from the TAjin pin is, counted when ‘the 


. Address 
Timer A2 mode register 5816 
Tie A3 mode register 591¢ 
Timer.A4 mode register 5Ai¢ 


count start flag shown in Figure 13 is “1” and counting is 76543210 
stopped when it is “0”. — a xIxtoy TT Toft] 
Count is performed at the fall of the input signal when bit 3 . | | } 


aie oe : Always “01” in event counter mode 
_ is “O” and at the rise of the signal when it is “1”. oa | 


In event counter mode, whether to increment or decrement . 0 !No pulse output - 

the count can be selected with the up-down flag or the in- | | a : Pulse output | 

put signal from. the TAjour pin. When bit 4 of the timer Aj - Count at the falling ege-ct inpul’signal | 
mode register is “O”, the up-down flag is used to determine : Count at the rising edge of input signal 
whether to increment or decrement the count (decrement . 
_when the flag is “0” and increment when it is “1”). Figure 
16 shows the’ bit configuration of the up-down flag. When 
bit 4 of the timer Aj mode register is “1”, the input signal s herananLrdonreniont pica v 
from the TAjour pin is used to determine whether to incre- | TAjout pin input signal level 

ment or decrement the count. However, note that bit 2 must | | : 

be “O” if bit 4 is “1” because if bit 2 is By hee | es pin be- 

: as ; : Always “0” in event counter mode 

comes an output pin with pulse output. = : ots 

| Determine the level of the input signal from the TAjout pin - Not used in event counter mode 
before valid edge is input to the TAjjy pin. : 7 | | 
- The. count is decremented when the input signal from the 
TAjout pin is “L” and incremented when it is “H”. 
‘An Interrupt request signal is generated and the interrupt Fig.15 Timer Aj mode register bit configuration in event 
request bit.in the timer A, interrupt control register is set - 

when the: counter reaches 0000;, (decrement count) or 
FFFF,, (increment count). At the same time, the contents - 
of the reload register is transferred to the counter and the 
count is continued. — a | | | eee 
When bit 2 is “1” and: the counter reaches 0000;, | as Up-down flag 4416 
(decrement count) or FFFF,,¢ (increment count), the wave- | | 
form reversing polarity is output from TAjour pin. 


: Increment or decrement according to 
up/down flag 





counter mode 


Address 


If bit 2 is “0”, TAjour pin can be used as a normal port pin. . | | , Timer A2 up-down flag ° 
However, if bit 4 is “1” and the TAjour pin is used as an. |. | — Timer A3 up-down flag 

output pin, the output from the pin changes the count direc- SUIS b Ae upaween Pag : : 
tion. Therefore, bit 4 should be “0” unless the output from — Timer A2 two- -phase pulse signal processing selection bit 
the TAjour pin is to be used to select the count direction. | | |, © + Two-phase pulse signal processing disabled 


atl : Two-phase pulse: signal processing mode 

Timer A3 two-phase pulse signal processing selection bit 
0 : Two-phase pulse signal processing disabled 
1 : Two-phase pulse signal processing mode 


Timer A4 two-phase pulse signal processing selection bit 
0 : Two-phase pulse signal processing disabled 
1 : Two-phase pulse signal processing mode, 





-Fig.16 _Up-down flag bit configuration - 
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Data write and data read are performed in the same way as 


for timer mode. That is, when data is written to timer Aj 
while it is not operating, it is also written to the reload reg- 


ister and the counter. When data is written to timer Aj while — 


it is operating, the data is written to the reload register, but 
not to the counter. The counter is reloaded with new data 
from the reload register at the next reload time. The coun- 
ter can be read at any time. 

In event counter mode, whether to increment or decrement 
the counter can also be determined by supplying two- 
phase pulse input with phase shifted by 90° to timer A2, A3, 


or A4. There are two types of two-phase pulse processing. 


operations. One uses timers A2 and A3, and the other uses 
timer A4. In either processing operation, two-phase pulse is 
input in the same way, that is, pulses out of phase by 90° 
are input at the TAjour (j=2 to 4) pin and TAjiy pin. 


When timers A2 and A3 are used, as shown in Figure 17, 
the count is incremented when a rising edge is entered to 
the TAk pin after the level of TAkour (k = 2, 3) pin 
changes from “L” to “H”, and when the falling edge is in- 
serted, the count is decremented. 


-For timer A4, as shown in Figure 18, when a phase related 


pulse with a rising edge input to the TA4,, pin is entered 
after the level of TA4gur pin changes from “L” to “H”, the 
count is incremented at the respective rising edge and fall- 
ing edge of the TA4ou7 and TA4,y pins. . 

When a phase related pulse with a falling edge input to the 
TA4our pin is entered after the level of TA4,, pin changes 
from “H” to “L”, the count is decremented at the respective 
rising edge and falling edge of the TA4\, and TA4our pins. 
When performing this two-phase pulse signal processing, 
timer Aj mode register bit 0 and bit 4 must be set to “1” 


and bits 1, 2, 3, and 5 must be “0” (refer the Figure 19). . 


Bits 6 and 7 are ignored. Note that bits 5, 6, and 7 of the 
up-down flag register (44,,) are the two-phase pulse sig- 
nal processing selection bit for timer A2, A3, and A4 re- 
spectively. Each timer operates in normal event counter 
mode when the corresponding bit is “0” and performs two- 
phase pulse signal processing when it is “1”. 

Count is started by setting the count start flag to “1”. Data 
write and read are performed in the same way as for nor- 
mal event counter mode. Note that the direction register of 
_ the input port must be set to input mode because two- 
phase pulse signal is input. Also, there can be no pulse 
output in this mode. _ . 








Fig.19 Timer Aj mode register bit configuration when 


TAkour [ | f Lf LJ LIL 


TAkin fLAFLE LILI] 
(k=2, 3) 
Down-count 


Down-count _ 
Down-count 


Up-count . 
Up-count 
Up-count 





Fig.17 Two-phase pulse processing operation of timers 
A2 and A3 


\ Z , 


Up-count at each edge Down-count at each edge 


Bea a ek 
Up-count at each edge 


YY 
Down-count at each edge 


Fig.18 Two-phase pulse processing operation of timer 
A4 | | 


Address 
Timer A2 mode register 581.6 | 
Timer A3 mode register 5916 
Timer A4 mode register 5Ai¢ 


76543210 


<]x}o]1 |o]o] 011) 


0 1 : Always “01” in event counter mode 


0 100 : Always “0100” at two-phase 
pulse signal processing . 





XX : Not used in event counter mode 


performing two-phase pulse signal processing 
in event counter mode . 
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_ (3) One-shot pulse mode [10] 
-Figure 20 shows the bit configuration of the timer Aj mode 
register during one- -shot. pulse mode. 
mode, bit 0 and bit 5 must ee “0” and bit 1 and bit 2 must 
be “1”. es 
The trigger is enabled when the count start ‘180 is oy. The 
trigger can be generated by software or it can be input 
from the TAjy pin. Software trigger is selected when bit 4 
— is “0” and the input signal from the TAjiy pin is used as the 
trigger when it is. “1”. Bit 3 is used to determine whether to 
trigger at the fall of the trigger signal or at the rise. The 
trigger is at the fall of the trigger signal when bit 3 is “0” 


and at the rise of the trigger signal when it is “TV. Software — 


| trigger is generated by setting the bit in the one-shot start 
flag corresponding to each timer. Figure 21 shows the bit 
- configuration of the one-shot start flag. Bit 7 of the one-shot 
start flag must always be “0”. 


As shown in Figure 22, when a trigger signa is received, . 


the counter counts the clock selected by bits 6 and 7. 


If the contents of the counter is not 0000,., the TAIaGe pin 


goes “H” when a trigger signal is received. The count 
direction is decrement. | | 
When the counter reaches 0001,5. The TAjour pin goes “L” 


and count is stopped. The contents of the reload register is 


_ transferred to the counter. At the same time, an interrupt 
request signal is generated and the interrupt request bit in 


_ the timer Aj interrupt control register is set. This is repe- . 


ated each time a trigger signal is received. The output 
pulse width is -_ 


1 
(sae frequency of the selected ix) | 
X. (counter’s value at the time of trigger). 
lf the count start flag is “0”, TAjour. goes “L”. Therefore, the 
value corresponding to the desired pulse width must be 
written to timer Aj before setting the’ timer a count start 
flag. 


‘As shown in Figure 23, a trigger signal can be received be- 
fore the operation for the previous trigger signal is com- . 


pleted. In this case, the contents of the reload register is 


transferred to. the counter by the trigger and then that value — 
is decremented. Except when retriggering while operating, © 


the contents of the reload register is not transferred to the 
counter by triggering. 

When retriggering, there must be at least one timer count 
- source.cycle before a new trigger can be issued. 


Data write is performed to the same way as for timer mode. 


When. data is written in timer Aj while it is not operating, it 
is also written to the reload register and the counter. 

When data is written to timer Aj while it is operating, the 
data is written to the reload register, but not to the counter. 
The counter is reloaded with new data from the reload reg- 
ister at the next reload time. = . 

Undefined data is read, when timer Aj is read. 


In one-shot pulse 








. Address 
Timer A2 mode register 5816). 
Timer A3 mode register 5946 
Timer A4 mode register SAice/’ 

76543210 


SROURRDOO 


1 0 : Always “10” in one-shot pulse mode 


1 : Always “1” in one-shot pulse mode 


0 X : Software trigger 
1 0 : Trigger at the falling edge of TAjin iiout 
11 : Trigger at the rising edge of TAjn input 


0. : Always “0” in one-shot pulse mode 


Clock source selection 
: Select fo . 
: Select fi, 
> Select feq 
: Select fs12 


Fig.20 Timer Aj mode register bit configuration during 
one-shot pulse mode 


Address 


76543210 
One-shot start flag 4216 


AA ES 


Timer A2 one-shot start flag 
Timer A3 one-shot start flag 
- Timer. A4 one-shot start flag. . 


Fig.21 One-shot start flag bit configuration 
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Selected clock 
source fj 


TAjin | . | 

(in case of the 

rising edge) | : 
TAjout | | , | | 


Example when the contents of the reload register is 00031¢ 





Fig.22 Pulse output example when external rising edge is selected 


Selected clock 
source fj 


TAiwn —) - | | | 
(in case of the | 
rising edge) , 


TAjour 


Example when the contents of the reload register is 000446 





Fig.23 Example when trigger is re-issued during pulse output 
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(4) Pulse width modulation mode [11]. 


Figure 24 shows the bit configuration of the timer Aj mode 
In pulse 


_ register during pulse width modulation. mode. 
width modulation mode, bits 0, 1, and 2 must be set to “1”.” 
Bit 5 is used to determine whether to perform 16-bit length 
pulse width modulator or 8-bit length pulse width modula- 
‘tor. 16-bit length pulse width modulator is performed when 


_ bit 5 is “O” and 8-bit length pulse width modulator is per- — 
formed when it is “1”. The 16-bit length pulse width mod- — 


 ulator is described first. 


- The pulse width modulator can be started with a software _ 


trigger or with an input signal from a TAjin pin (external 
trigger). : 

_ The software trigger mode is selected when bit 4 is “O”. 

_ Pulse width modulator is started and pulse is output from 
TAjour when the timer Aj start flag is set to “1”. 

The external trigger mode is selected when bit 4 is “1”. 
Pulse width modulator ‘starts when a trigger signal is input 
from the TAj;, pin when the timer Aj start flag is.“1”. — 
Whether to trigger at the fall or rise of the trigger signal is 


determined by bit 3. The trigger is at the fall of the trigger 


signal when bit 3 is “O” and at the rise when it is “1”. 

‘When data is written to timer Aj with the pulse width mod- 
ulator while it is not operating, it is written to the reload 
_ register and the counter. —— 
Then when the timer Aj start flag is set to “1” and a soft- 
ware trigger or an external trigger is issued to start modula- 


tion, the waveform shown in Figure 25 is output continuous- 
ly. Once modulation is started, triggers are not accepted. If 


the value in the reload Fogleteh is m, the duration “H” of 
pulse is 


/ 


1 

selected clock frequency 
and the output pulse period is 

1 

‘selected clock frequency 
An interrupt request signal is generated and the interrupt 
-request bit in the timer Aj interrupt control fegisrer is set at 
_ each fall of the output.pulse. 
The width of the output pulse is changed by updating timer 
data. The update can be performed at any time. The output 
pulse width is changed at the rise of the. pulse after data is 
written to the timer. The data is written to the reload regis- 
ter, but not to the counter. 
The contents of the reload register are - transferred to the 








x (2'°—1). 


counter just before the rise of the next pulse so that the. 


pulse width is changed from the next output pulse. 

- Undefined data is read, when timer Aj is read. — 

The 8-bit length pulse width modulator is described next. 
The 8-bit length pulse width modulator is selected when 
the timer Aj mode register bit 5 is “1”. 


7 The reload register and the counter are both divided into 8- | 


bit halves. 


_ continued. 





The low order 8 bits function as a prescaler and the high 


_ order 8 bits function as the 8-bit length pulse width modula- | 


tor. The prescaler counts the clock selected by bits 6 and 
7. A pulse is generated when the counter reaches 0000;. 
as shown in Figure. 26. At the same time, the contents of 
the reload register is transferred to the counter and count is 


é 


: Address 
Timer A2 mode register 5816 
Timer A3 mode register 591i¢ 


Timer A4 mode register 5Aj¢ 
76543210 ~~. - 


LT ats | 


: Always “11” in pulse width modulation mode 


: Always “1” in pulse width modulation mode 


: Software trigger 
: Trigger at the falling of TAjiy input 
: Trigger at the rising of TAjjn input — 


> 16-bit pulse width modulator 
18-bit pulse width modulator © 


Clock source selection bit _ 
0 0 : Select fo 
01 : Select fig 
10 : Select fgg 
-. | 1° Selectfs:. 


Fig.24 Timer Aj mode register bit configuration during © 
_ pulse width modulation mode 
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Therefore, if the low order 8-bit of the reload register isn, the length is 8 bits. If the high order 8-bit of the reload reg- 





the period of the generated pulse is ister is m, the duration “H” of pulse is 
1 1 ren 
, —— | , X(n-+1)Xm. 
selected clock fequenar fe selected clock frequency (nF4) 
The high order 8-bit function as an 8-bit length pulse width And the output pulse period is 
modulator using this pulse as input. The operation is the J xX (n-+1)X (28-1) 
same as for 16-bit length pulse width modulator except that selected clock frequency | a 


' 


1/f, X (2'®—1) 


| | , 
| 
Selected clock a: 
source fj 1 ot 
| aa 
| 
| 


TAjin | 


(in case of the | aa 
rising edge) | | » This trigger is not accepted 
, | 


1/f, X (m) | 
SS 


TAjout 


Example when the contents of the reload register is 0003,, 








Fig.25 16-bit length pulse width modulator output pulse example fe 


4/4, X (n+1) X (28-1) | 


Selected clock 
source fj 


TAjin 
(in case of the 
falling edge) 


Prescaler output 
(when n=2) — 


be ————>11/f x (n-+1) X (m) 


8-bit length pulse 
width modulator 
output 

(when m=2) 





| Fig.26 | 8-bit length pulse width modulator output pulse example . oe 
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TIMER B. 


Figure 27 shows a block diagram of timer B. 


Timer B has three modes; timer mode, event counter mode, and. 


pulse period measurement/pulse width measurement mode. The 


mode is selected with bits 0 and 1 of the timer Bi mode ~ 


register (i= 0 to 2). Each of these modes ‘is described 


below. 


(1) Timer mode [00] 


Figure 28 shows the bit configuration of the timer Bi mode. 
register during timer mode. Bits 0, and 1 of the timer Bi. 


mode register must always be “O” in timer mode. 

Bits 6 and 7 are used to select the clock source. The 
counting of the selected clock starts when the count start 
flag “1” and stops when “0”. 


_Clock source selection — 


. ° Timer 
fz ———o 


fea —o 


f512—o 


Polarity selection} | Event counter 
and edge pulse Or. 
generator . . 


TBin O 


(j=0,1) 





_Fig.27 Timer B block diagram 


« Pulse period measurement/ 


fice | pulse width measurement 
~ 


Count start flag 
(Address 4016) 


As shown in Figure 13, the timer Bi count start flag is at the 

same address as the timer-Ai count start flag. The count is 

decremented, an interrupt occurs, and the interrupt request 

bit in the timer Bi interrupt control register is set when the 

contents becomes 0000;¢: At the same time, the contents of 
the reload register is stored in the counter and count is 

continued. . > ® « | 

Timer Bi does not have a pulse output function or a gate 
function. like timer A. . 

When data is written to timer Bi while it is not operating, it 


_is written to the reload register and the counter. When data 
is written to timer Bi while it is operating, the data is written 


to the reload register, but not to the counter. The counter is 
reloaded with new data from the reload register. at the next — 
reload time: 
The contents of the counter can be read at any time. As 
timer B2 does not have the TByw pin be sure to use the 
timer mode. | 


(Lower 8 bits) Upper 8 bits) 


Reload register(16) 


Counter(16) a Address 


Timer BO 5116 5046 
Timer B1 5316 5246 





Timer B2 5516 54), 


Courter reset 


circuit 
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(2) Event counter mode [01] 
Figure 29 shows the bit configuration of the timer Bj(j=0, 


1) mode register during event counter mode. In event Timer BO mode register sari 
counter mode, the bit 0 in the tiimer Bj mode register must Timer B1 mode register 5Ci¢ 
be “1” and bit 1 must be “0”. The input signal from the Timer B2 mode register 5Di¢ 
TBjin pin is counted when the count start flag is “1” and 

counting is stopped when it is “0”. 0 0 : Always “00” in timer mode 
Count is performed at the foi of the input signal when bits | Sf Sena ca iednensdecane 
2 and 3 are “OQ”, and at the rise of the input signal when bit | may be any | 

3 is “0” and bit 2 is “1”. Timer Bi overflow flag 

When bit 3 is “1” and bit 2 is “0”, count is performed at the Clock source selection 

rise and fall of the input signal. | 00 : Select f, 

Data write, data read and timer interrupt are performed in 01 : Select fie 


10 : Select fog 


the same way as for timer mode. 
fl Select fs12 





(3). Pulse period measurement/pulse width 
measurement mode [10] 
Figure 30 shows the bit configuration of the timer Bj mode 
register during pulse period measurement/pulse width 
measurement mode. 
. . Address 

In pulse period measurement/pulse width measurement aoe . 

rie oa ; Wate Timer BO mode register 5Bi¢ 
mode, bit 0 must be “0” and bit 1 must be “1”. Bits 6 and 7 | Timer B1 mode register 5Ci¢ 
are used to select the clock source. The selected clock is | : 
counted when the count start flag is “1” and counting stops 
when it is “OQ”. . : 


Fig.28 Timer Bi mode register bit configuration during 
timer mode 


'. Always “01” in event counter 





The pulse period measurement mode is selected when bit | ae at the falling edge of 

3 is “O”. In pulse period measurement mode, the selected ; : input signal 

clock is counted during the interval starting at the fall of the | | 2 at at the rising edge of input] 
input signal from the TBjin pin to the next fall or at the rise | : Count at the both falling sane 

of the input signal to the next rise and the result is stored in. and rising edge of input signal 
the reload register. In this case, the reload register acts as — Timer Bj overflow flag . 

a buffer register. XX : Not used in event counter mode 


- When bit 2 is “0”, the clock is counted from the fall of the 
input signal to the next fall. When bit 2 is “1”, the clock is 
counted from the rise of the input signal to the next rise. 

In the case of counting from the fall of the input signal to 
the next fall, counting is performed as follows. As shown in 
Figure 31, when the fall of the input signal from TBjx pin is 
detected, the contents of the counter is transferred to the 
reload register. Next the counter is cleared and count is 
started from the next clock. When the fall of the next input 
signal is detected, the contents of the counter is transferred 
to the reload register once more, the counter is cleared, 
and the count is started. The period from the fall of the in- 
put signal to the next fall is measured in this way. 





Fig.29 Timer Bj mode register bit configuration during 
| event counter mode ea, <. 










Address 


Timer BO mode register 5Byi, 


76543210 a Bi mode register 5Ci.¢ 





1 0 : Always “10” in pulse period measure- 
ment/pulse width measurement mode 






0 0 : Count from the falling edge of input 
signal to the next falling one 

0 1 : Count from the rising edge of input 
signal to the next rising one . 

1 0 : Count from the falling edge of input 
signal to the next rising one and from 
the rising edge to the next falling one 







Timer Bj overflow flag 






Clock source selection 
00 : Select f. 

01 : Select fyg 
10 : Select fe4 

11 ° Select f512 













Fig.30 Timer Bj mode register bit configuration during 
pulse period measurement/pulse width — 
measurement mode © | 
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After the contents of the counter is transferred to the reload 
register, an interrupt request signal is generated and the 
interrupt request bit in the timer Bj interrupt control register 
is set. However, no interrupt request signal is generated 
when the contents of the counter is transferred first time to 
the reload register after the count start flag is set to “1”. 

When bit 3 is “1”, the pulse width measurement mode is 


selected. Pulse width measurement mode is similar to 


pulse period measurement mode except that clock is 
counted from the fall of the TBj,, pin input signal to the next 


rise or from the rise of the input signal to the next fall as” 


Selected clock source fj 


Reload register «- counter 


Counter + 0 
Count start flag 
Interrupt request signal 


Fig.31 Pulse period aeasureniont mode operation 


- 16-BIT CMOS MICROCOMPUTER 


~ shown in Figure 32. 


When timer Bj is read, the contents of the. reload register is. 


read. 
Note that in this mode, the interval Baiween the fail of the: 
TBijn pin input signal to the next rise or from the rise to the. 


next fall must be at least two cycles of the timer count 
source. ; 
Timer Bi overflow flag which is bit 5 of timer Bi mode regis- 
ter is set to “1” when the timer Bi counter reach 0000;.. 


This flag is cleared by writing to corresponding timer Bi 


mode Fegistet 





texaniple of measuring the interval between the lng: edge to next falling one) 


Reload register «- counter 
Counter +- 0 


Count start flag | 


Interrupt request signal 


Fig.32 Pulse. width measurement mode operation 





Z 
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SERIAL I/O PORTS 

Two independent serial I/O ports are provided. 

Figure 33 shows a block diagram of the serial I/O ports. 
Bits 0, 1. and 2 of the UARTi(i=0, 1) Transmit/Receive 
mode register shown in Figure 34 are used to determine 
whether to use port P8 as parallel port, clock synchronous 
serial |/O, port, or asynchronous (UART) serial I/O port us- 


ing start and stop bits. 

Figures 35 and 36 show connections of receiver/transmitter 
according to the mode. | 

Figure 37 shows the bit configuration of the UARTIi transmit/ 
receive control register. 

Each communication method is described below. 


-..” Data bus(edd)- 


10} 0]0}0 {0} 0] 0 |Dg|D7]D5|Ds|D.]Ds|D2] D,] Do} Receive buffer register 


UART receive 


O Receive clock 
Receive con- 
o ! ¥ trol choun 


1/16 Divider 
| 


Clock synchronous}, 


1/16 Divider 


Clock synchronous 


Clock synchronous 


F172 Divider | (Internal clock) A 
1/2 Divider Clock synchronous 


(External clock) ve) 
Clock synchronous( Internal clock) 


N 


Bit rate register 

UARTO(Address 3146) 

UART1(Address 39,,) 
internal 


1/(n-+1) 
Divider 


Clock source selection 
fo 
fie 
fea -o 


fs42 ——o 


CTSi/RTSi 


Cc} 





Fig.33 Serial 1/O port block diagram 


-Address 
poset Transmit/Receive mode register 3016) 
UART1 Transmit/Receive mode register 384, 
Serial communication method selection bit 
0 0 0 : Parallel port 
: Clock synchronous 
: 7-bit UART 
: 8-bit UART 
: 9-bit UART 
Internal clock/External clock selection bit 
0 : Internal clock 
| : External clock 
Stop bit length selection bit 
. 0 : 1 stop bit 
| 1 : 2 stop bits 
Even/Odd parity selection bit 
0 : Odd parity 
1 ,: Even parity 
Parity enable selection bit 
0 : No parity 
1_: With parity 
Sleep selection bit 


0 : Nosleep 
-1 + Sleep 


7654321 0 


00 
10 
ae a! 
11 





Fig.34 UARTi Transmit/Receive mode register bit | 
configuration | 


UARTO (Addresses 3746 and 3616) 
UART1 (Addresses 3Fi¢ and 3E;,¢) 


Receive register 


UART transmission] 7 a eek 
ransmission cloc 
° 


TxDj 


Transmission register [—( ) 


alee i Pe) Pe Transmission buffer register 


UARTO (Addresses 3316 and 324.) 
UART1 (Addresses 3Bi¢ and 3A.) 
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eee ee STeTeTe teeta ean 


ie erates 


Stop fo o | Stop rote O 
bit #9 bit bit hal fe Neaister 
y bit 7-bit ‘ . 


QO 
1 stop bit No ie 8-bit Synchronous 


Parity 





Synchronous 





Fig.35 Receiver block diagram 


Loe | J pier register 


2 st bits Parit c i 
stop y tat 
“Q”- Stop Barit O 3. bit 
bit a, ) 


bit | ; 
ty 8-bit Te z . ae oe 
register 


a c Synchronous 


: «“Q” 





Fig.36 Transmitter block diagram 


Address . 
oe transmit/receive control register 0 ela 
UART1 transmit/receive control ealgter 0 8Ci6 


Clock source selection 
0 0 : Select f, 
01 : Select fis 
1 0 ° Select fog 
11 °: Select fs. 
CTS, RTS selection bit 

0 : Select CTS 

1 : Select RTS 
Transmission register ome. flag. 

Address 

(vaso transmit/receive control register 1 =e) 


UARTT transmit/receive control register 1 8Di6 
Transmit enable flag 


Transmit buffer empty flag 
Receive enable flag 
Receive completion flag” 
Overrun error flag 
Framing error flag 

Parity error flag. 

Error sum flag 





Fig.37 UARTi Transmit/Receive control register bit configuration 
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CLOCK SYNCHRONOUS SERIAL 
COMMUNICATION 
A case where communication is performed between two 
clock synchronous serial 1/O ports as shows in Figure 38 
will be described. (The transmission side will be denoted 
by subscript j and the receiving side will be denoted by 
subscript k.) | 
Bit 0 of. the UART] transmit/receive mode register and 
UARTk transmit/receive mode register must be set to “1” 
and bits 1 and 2 must be “0”. The length of the transmission 
data is fixed at 8 bits. 
_ Bit 3 of the UART;j transmit/receive mode register of the 
clock sending side is cleared to “0” to select the internal 
clock. Bit 3 of the UARTx transmit/receive mode register of 
the clock receiving side is set to “1” to select the external 
clock. Bits 4, 5 and 6 are ignored in clock synchronous 
mode. Bit 7 must always be “0”. 
The clock source is selected by bit 0 (CSo) and bit 1 
_(CS,) of the clock sending side UARTj transmit/receive 
control register 0. As shown in Figure 33, the selected 
clock is divided by (n+ 1), then by 2, passed through a 
transmission’ control circuit, and output as transmission 
clock CLKj. Therefore, when the selected clock is fi, 

Bit Rate=fi/ {(n+1) X2} 
On the clock receiving side, the CS, and CS, bits of the 
UART transmit/receive control register are ignored be- 
cause an external clock is selected. 
The bit 2 of the clock sending side UARTj transmit/receive 
control register is clear to “0” to select CTS} input. The bit 
2 of the clock receiving side is set to “1” to select RTS, 
output. CTS, and RTS signals are described later. 








Transmission | 

Transmission is started when the bit 0 (TE; flag) of UVART| 
transmit/receive control register 1 is “1”, bit 1-is (TH flag) 
of one is “O”, and CTSj input is “L”. As shown in Figure 39, 
data is output from TxDj pin when transmission clock CLKj 
changes from “H” to “L”. The data is oe from the: least 
significant bit. 

The Tlj flag indicates whether the transmission buffer regis- 
ter is empty or not. It is cleared to “0” when data is written 
in the transmission buffer register and set to “1” when the 
contents of the transmission buffer register is transferred to 
the transmission register. | 

_ When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally from the transmission buffer register to the transmis- 
Sion register if the next transmission start condition is satis- 
' fied. If the bit 2 of UARTj transmit/receive control register 0 
is “1”, CTS] input is ignored and transmission start is con- 








trolled only by the TE&j flag and Tj flag. Once transmission | 
has started, the TEj flag, Tlj flag, and CTSj signals are. 





ignored unit data transmission completes. Therefore, trans- 
_ mission is not interrupt when CTSj input is changed to “H” 





during transmission. 

The transmission start condition indicated by TE; flag, Ti 
flag, and CTSj is checked while the Tenp; signal shown in 
Figure 39 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission buffer register and T1j flag is cleared to “O” before 
the Tenp; Signal goes “H”. 

The bit 3 (TxEPTY; flag) of UARTj transmit/receive control 


register 0 changes to “1” at the next cycle after the Tenp;: 


signal goes “H” and changes to “0” when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmission has completed. | | 

When the Tj flag changes from “0” to “1”, the interrupt re- 
quest bit in the UARTj transmission interrupt control regis- 
ter is set to “1”. 


Receive 


Receive starts when the bit 2 (REx flag) of UARTk trans- 


mit/receive control register 1 is set to “1”. 

The RTSk output is “H” when the REx flag is “O” and goes 
“L” when the REk flag changed to “1”. It goes back to “H” 
when receive starts. Therefore, the RTSk output can be 
used to determine whether the receive register is ready to 
receive. It is ready when RTS output is “L”. 

The data from the RxDk pin is retrieved and the contents of 








the receive register is shifted by 1 bit each time the trans- 


mission clock CLKj changes from “L” to “H”. When an 8-bit 
data is received, the contents of the receive register is 
transferred to the receive buffer register and the bit 3 (RlIk 
flag) of UART, transmit/receive control register 1 is set to 
“41”, In other words, the setting of the Rlk flag indicates that 
the receive buffer register contains the received data. At 
this point, RTS, output goes “L” to indicate ‘that the next 





_ data can be received. When the Rk. flag changes from “0” 


to “1”, the interrupt request bit in the UARTk receive inter- 
rupt control register is set to “1”. Bit 4 (OERk flag) of 


_ UART  transmit/receive control register is set to “1” when 


the next data is transferred from the receive register to the 


receive buffer register while Rlk flag is “1”, and indicates ° 


that the next data was transferred to the receive register 
before the contents of the receive buffer register was read. 


Rik and OERk flags are cleared automatically to “0” when: 


the loworder byte of the receive buffer register is read. The 
OERk flag is also cleared when the REx flag is cleared. Bit 
5 (FERk flag), bit 6 (PERK flag), and bit 7 (SUMk flag) are 
ignored in clock synchronous mode. 


As shown in Figure 33, with clock synchronous serial com- | 


munication, data cannot be received unless the transmitter: 
is operating because the receive clock is created from the 
transmission clock. Therefore, the transmitter must be oper- 


ating even when there is no data to be sent from UART to | 
_ UART}.. | : 
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UART| transmission register 
_{UART} transmission buffer register 


UART]j receive buffer register 


UARTj receive register 


UART; transmit/receive mode register 


P< Tx>[oToleT] 


| UART}j transmit/receive control register 0 
DDE eles 


UART} transmit/receive control register 1 


UART transmission register 


\ 


UART, transmission buffer register 


UART, receive buffer register 


UART, receive register 


UART  transmit/receive mode register 


Lobe Poop 


UART, transmit/receive control register 0 


RODD ert | P< Pf 


UARTk transmit/receive control register 1 


puw|ren|renjoen] mw [re Jn [re] | jo -oumfren ren joer | mt re | n| re 





Fig.38 Clock synchronous serial communication 


ap ety X (nt 4) x2 


Transmission clock 


TE; 


Th} . . : ay | | ® 

Write in transmission buffer register _ Transmission register--Transmission buffer register | 
CTS; | | - 3 4 
>} —-F<- 1/1X(nt+1)X2 . Stopped because TEj=“0” | 
"| CLK; | | 


~ Tenoj 


TxDj 





TxEPTY; 





Fig.39 Clock synchronous serial I/O timing 
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ASYNCHRONOUS SERIAL 
COMMUNICATION 

Asynchronous serial communication can be performed us- 
. ing 7-, 8-, or 9-bit length data. The operation is the same 
for all data lengths. The following is the description for 8-bit 
* asynchronous communication. 

With 8-bit asynchronous communication, the bit 0 of UARTI 
transmit/receive mode register is “1”, the bit 1 is “0”, and 
the bit 2 is “1”. 

Bit 3 is used to select an internal clock or an external 
clock. If bit 3 is “0”, an internal clock is selected and if bit 3 
is “1”, then external clock is selected. If an internal clock is 
selected, the bit 0 (CS9) and bit 1 (CS,) of UARTI trans- 
mit/receive control register 0 are used to select the clock 
source. When an internal clock is selected for asynchro- 
nous serial communication, the CLK pin can be used as a 


> —F=— (1/F, OF 1/fexr) X (n-+1) X16 


Transmission clock 


TEj 


Tij ‘ 


CTSj 


Tenpi 


Start bit Parity bit 


TxEPTY} 


Stop bit 


TO) STEEP OKO PKONOK_YSP\ st AEE KENXONOKEONEX PY SF 





normal |/O pin. 
The selected internal or extemal clock is divided by (n+1), 
then by 16, and passed through a control circuit to create 
the UART transmission clock or UART receive clock. 
Therefore, the transmission speed can be changed by 
changing the contents n of the bit rate generator. If the 
selected clock is an internal clock fi or an external clock 
fext, 

Bit Rate=(fi or fext)/ {(n+1) X16} 
Bit 4 is the stop bit length selection bit to select 1 stop bit 
or 2 stop bits. ; 
The bit 5 is a selectiion bit of odd parity or even parity. © 
In the odd parity mode, the parity bit is adjusted so that the 
sum of the 1’s in the data and parity bit is always odd. 
In the even parity mode, the parity bit is adjusted so that 
the sum of the 1’s in the data and parity bit is always even. 


Write in transmission buffer register Transmission register+-Transmission buffer register 


Stopped because TEj=“0” 


STA DoXD3) 


Fig.40 Transmit timing example when 8-bit asynchronous communication with parity and 1 stop bit is selected 


>t —fe— (1/4) OF 1/fexrX (+1) X16 


Transmission clock 
TE; 
Thj ; y 


Write in transmission buffer register 


TEnbi 
Start bit 


TxEPTY j 


Fig.41 


Stop bit Stop bit 





Transmission register+-Transmission buffer register 


Stopped because TE;=“0” 


TxDj FOOOSOODQ OG Srse SOOGOOGOOIG sp sp” \st{DXDXD: 


Transmit timing example when 9-bit asynchronous communication with no parity and 2 stop bits is selected 
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Bit 6 is parity bit selection bit which indicates euemel to 
add parity bit or not. 

Bits 4 to 6 should be set or reset according to the data for- 
mat of the communicating devices. 

Bit 7 is the sleep selection bit. The sleep mode is de- 
scribed later. a 63 

The UARTI transmit/receive control register 0 | 0 bit 2 is used 
to determine whether to use CTSj input or RTS; output. 
CTS; input used if bit 2 is “O” and. RTS} a is used if bit 
2191: 

If CTS; input is selected, the user can conte whether to 
stop or start transmission by external as input RTSj will 
be described later. 





Tiatanticcion 


- Transmission is started when the bit 0 (TEj flag) of UARTI . 


transmit/receive control register 1 is “1”, the bit 1 (Tlj flag) 
is “O”, and CTS; input is “L” if CTS; input is selected. As 
shown in Figure 40 and 41, data is output from the TxDj pin 
with the stop bit and parity bit specified by the bits 4 to 6 of 
UARTIi transmit/receive mode register bits. The data is out- 
put from the least significant bit. 

The Tlj flag indicates whether the seananis a oie is 
empty or not. It is cleared to “0” when data is written in the 
transmission buffer and set to “1” when the contents of the 


transmission buffer register is transferred to the transmis- — 


sion register. 

When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally from the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. | 


fj On fext 
REj 


Start bit 
Starting at the falling) 


‘edge of start bit 
_ Receive clock a en: 


Rj 





Once transmission has started, the TEj flag, Tlj .flag, and 
CTSj signal (if CTS; input is selected) are ignored until 
data transmission is completed. 

Therefore, transmission does not stop until it completes 
even if the TEj flag is cleared during transmission. 

The transmission start condition indicated by TEj flag, Th 
flag, and CTS; is checked while the Teno; signal shown in 
Figure 40 is “H”. Therefore, data can be transmitted’ con- 
tinuously if the next transmission data is written in the trans- 
mission buffer register and. Tlj flag is cleared to 0 before 
the Tenn; Signal goes “H”. | 


‘The bit 3 (TxEPTY{ flag) of UARTi transmit/receive control 


register 0 changes to “1” at the next cycle after the Tenn; 
signal goes “H”. and changes to “0” when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmission is completed. 

When the Tj flag changes from “0” to “1”, the interrupt re- 
quest bit in the UARTi transmission interrupt control regis- 
ter is set to “1”. 


Receive 


Receive is enabled when the bit 2 (RE; flag) of UARTi 
transmit/receive control register 1 is set. As shown in Fi- 


‘gure 42, the frequency divider circuit at the receiving end 


begin to work when a start bit is arrived and the data is re- 
ceived. 


Stop bit — 


— : — Start bit 


Fig.42 Receive timing example when 8-bit asynchronous communication with no parity and 1 stop bit is selected 
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lf RTS} output is selected by setting the bit 2 of UARTI 
transmit/receive control register 0 to “1”, the RTS; output is 
“H” when the REj flag is “0”. When the REj flag changes to 
“4” the RTS; output goes “L” to indicate receive ready and 
returns to “H” once receive has started. In other words, 
RTS; output can be used to determine externally whether 
the receive register is ready to receive. 

The entire transmission data bits are received when the 
start bit passes the final bit of the receive block shown in 
Figure 35. At this point, the contents of the receive register 
is transferred to the receive buffer register and the bit 3 of 
UARTIi transmit/receive control register 1 is set. In other 
words, the Rlj flag indicates that the receive buffer register 
contains data when it is set. If RTS} output is selected, RTSj 
output goes “L” to indicate that the register is ready to re- 
ceive the next data. 

The interrupt request bit in the UARTi receive interrupt 
control register is set when the Rlj flag changes from “0” to 
ma ae 


The bit 4 (OER; flag) of UARTi transmission control register 


1 is set when the next data is transferred from the receive 
register to the receive buffer register while the Rlj flag is 
“1”. In other words when an overrun error occurs. If the 
OERj flag is “1”, it indicates that the next data has been 
transferred to the receive buffer register before the con- 
tents of the receive buffer register has been read. Bit 5 
(FER; flag) is set when the number of stop bits is less than 
required (framing error). 

Bit 6 (PER; flag) is set when a parity error occurs. 

Bit 7 (SUM flag) is set when either the OER; flag, FER; 
flag, or the PERj flag is set. Therefore, the SUMj flag can 
be used to determine whether there is an error. 

The setting of the Rij flag, OER; flag, FERj| flag, and the 
PER; flag is performed while transferring the contents of 
the receive register to the receive buffer register. The Rij, 
OER;j, FERj, and SUM; flags are cleared when the low 
order byte of the receive buffer register is read or when 
the REj flag is cleared. 


Sleep mode 3 

The sleep mode is used to communicate only between cer- 
tain microcomputers when multiple microcomputers are 
connected through serial I/O. ad 

The sleep mode is entered when the bit 7 of UARTi trans- 
mit/receive mode register is set. 

The operation of the sleep mode for an 8-bit asynchronous 
communication is described below. | | 
When sleep mode is selected, the contents of the receive 
register is not transferred to the receive buffer register if 


bit 7 (bit 6 if 7-bit asynchronous communication and bit 8 if 


9-bit asynchronous communication) of the received data is 
“0”. Also the RIj, OER|, FERj, and the SUM} flag are un- 
changed. Therefore, the interrupt request bit of the UARTi 
receive interrupt control register is also unchanged. 
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Normal receive operation takes place when bit 7 of the re- 
ceived data is “1”. 

The following is an example of how the sleep mode can be 
used. 

The main microcomputer first sends data with bit 7 set to 
“1” and bits 0 to 6 set to the address of the subordinate 
microcomputer which wants to communicate with. Then all 
subordinate microcomputers receive the same data. Each 
subordinate microcomputer checks the received data with 
software, clears the sleep bit if bits 0 to 6 are its own 
address and sets the sleep bit if not. Next. the main micro- 
computer sends data with bit 7 cleared. Then the micro- 
computer with the sleep bit cleared will receive the data, 
but the microcomputer with the sleep bit set will not. In this 
way, the main microcomputer is able to communicate with 
only the designated microcomputer. 
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‘A-D- CONVERTER. 


The. A-D converter is an 8-bit successive approximation | 765432410 Address 
converter. — rs | A-D control register: E16 
Figure 43 shows a block diagram of the A-D converter and “Analog input selsGliod. bi 
Figure 44 shows the bit configuration of the A-D control | 000 : Select ANo 
register. The frequency of the A-D- converter operating : - Select AN; 


Select AN> - 
: Select AN3 


clock ¢ap is selected by the bit 7 of the A-D control regis- 
> Select AN, 


ter. When bit 7 is “0”, gap is the clock frequency divided by 
8. That is dap=f(Xiy)/8. When bit 7 is “1”, Pap is the clock 
frequency divided by 4 and ¢ap is=f(Xin)/4. The $qp dur- 
ing A-D conversion must be 250KHz minimum because the 
comparator consists of a capacity coupling amplifier. : 
The operating mode is selected by the bits 3 and 4 of A-D Si 
control register. The available operating modes are one- =: | Pe ap 
shot, repeat, single sweep, and repeat sweep. Trigger selection bit 
The bit of data direction register bit corresponding to the 3 _ 0 : Sofware trigger 
A-D converter pin must be “0” (input mode) because the at hs V's AD rae Input trigger 
: F : ; ; A-D conversion start flag 
analog input port is shared with port P7. | | 0 : Stop A-D conversion 
The operation of each mode is described below. 


: Select AN; 


1 

1 

0 

0 

1 Select ANg 

11 : Select AN, 
-D 

0 

0 


peration mode selection bit 


0 : One-shot mode 
1 : Repeat mode . 


1 : Start A-D conversion 
Frequency selection flag 

0 : Select f(Xiny)/8 

1 : Select f(Xiny)/4 





Fig.44 A-D control register bit configuration 


A-D conversion ‘speed selection 
fe | 0 ¢gAD 
Xn) O72] 


Vrer O 
. Ladder network 


Successive approximation register 


AVss ©) 


Address A-D control register 
(A 





2246) 


A-D register 0 (20,6) ddress 1Ej¢ 
if 


A-D register 1 


A-D register 2 (244.) Hop 

TAD register 3 bu) +++} 

| 

TADregisiers ae) HH 7] oS. 
ol i 


A-D register 7 (2E16 


i 
i 
i 
Ea 
= 








ADrre . Selector 


Fig.43 A-D converter block diagram 
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(1) One-shot mode [00] 
The A-D conversion pins are selected with the bit 0 to 2 of 
_ A-D control register. A-D conversion can be started by a. 
software trigger or by an external trigger. 
_A software trigger is selected when the bit 5 of A-D control 
register is “O” and an external trigger is selected when it is 
ag 
When a software trigger is selected, A-D conversion is 
started when bit 6 (A-D conversion start flag) is set. A-D 
conversion ends after 57 ¢ap cycles and an interrupt re- 
quest bit is set in the A-D conversion interrupt control reg- 
ister. At the same time, A-D control register bit 6 (A-D con- 
version start flag) is cleared and A-D conversion stops. The 
result of A-D conversion is stored in the A-D register cor- 
responding to the selected pin. 
If an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is “1” and the ADzrpg in- 
put changes from “H” to “L”. In this case, the pins that can 
be used for A-D conversion are ANo to AN, because the 
ADrrc pin is shared with the analog voltage input pin AN7. 
The operation is the same as with software trigger except 
that the A-D conversion start flag is not cleared after A-D 
conversion and a retrigger can be available during A-D 
conversion. 


(2) Repeat mode [01] 

The operation of this mode is the same as the operation of 
one-shot mode except that when A-D conversion of the 
selected pin is complete and the result is stored in the A-D 
register, conversion dose not stop, but is repeated. Also, no 
interrupt request is issued in this mode. Furthermore, if 
- software trigger is selected, the A-D conversion start flag is 
not cleared. The contents of the A-D register can be read 
at any time. 


(3) Single sweep mode [10] | 
In the sweep mode, the number of analog input pins to be 
swept can be selected. Analog input pins are selected by 
bits 1 and O of the A-D sweep pin selection register 
(address 1F,,) shown in Figure 45. Two pins, four pins, six 
pins, or eight pins can be selected as analog input pins, 
depending on the contents of these bits. 

A-D conversion is performed only for selected input pins. 
After A-D conversion is performed for input of ANo pin, the 
a conversion result is stored in A-D register 0, and in the 
same way, A-D conversion is performed for selected pins 
one after another: After A-D conversion is performed for all 
selected pins, the sweep is stopped. 


A-D conversion can be started with a software trigger or 


with an external trigger input. A software trigger is selected 
-when bit 5 is “O” and an external trigger is selected when it 
is “1”. : 
When a software trigger is selected, A-D conversion is 
started when A-D control register bit 6 (A-D conversion 





start flag) is set. When A-D conversion of all selected pins 
end, an interrupt bit is set In the A-D conversion interrupt 
control register. At the same time, A-D control register bit 6 
(A-D conversion start flag) is cleared and A-D conversion 
stops. 


_When an external trigger is selected, A-D conversion starts 


when the A-D conversion start flag is “1” and the ADrre in- 
put changes from “H” to “L”. In this case, the A-D conver- 
sion result of the trigger input itself is stored in the A-D 
register 7 because the ADrrc pin is shared with AN7 pin. 
The operation is the same as done by software trigger ex- 
cept that the A-D conversion start flag is not cleared after 
A-D conversion and a retrigger can be available during A-D 
conversion. 


(4) Repeat sweep mode [11] 

The difference with the single sweep mode is that A-D 
conversion dose not stop after converting from the ANg pin 
to the selected pins, but repeats again from the ANo pin. 
The repeat is performed among the selected pins. Also, no 


_ interrupt request is generated. Furthermore, if software trig- 
- ger is selected, the A-D conversion start flag is not cleared. 


The A-D register can be read at any time. 


A-D sweep pin Address 
selection register 1Fig 


0 0 : ANo, AN, (2 pins) 


0 1 : ANo~ANsg (4 pins) 
0 : ANo~ANs (6 pins) 
1 : ANo~AN; (8 pins) 


Fig.45 A-D sweep pin selection register configuration 
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DMA CONTROLLER | 

The DMA (direct memory access) controller is a 4-channel 
controller that is provided to carry out data transfer from 
memory to memory, memory to I/O, or 1/O to memory at 
high speed without using the CPU. 

Figure 46 shows the DMA controller block diagram. Figure 
47 shows the DMA control related register memory map. 
Figure 48 shows the DMAC control register bit configura- 
tion. : 7S = 
The DMAC control register consists of 16 bits. Bit 0 is a 
priority selection bit and bit 1 is a terminal count TC pin 
validity bit. Bits 4 through 7 are DMA request flags. These 
bits can be read to determine whether DMA requests occur 
on individual channels. Bits 8 through 11 are software DMA 
request bits, and used to be occured the DMA request by 
software. Bits 12 through 15 are DMA permission bits. The 


Address Dus 


{| Decrementer 7 
| Transmit counter register TCRO/transmit block counter TBCO us 
| Transmit counter register TCR1/transmit block counter TBC1 : amp 


Transmit counter register TCR2/transmit block counter TBC2 — 


Transmit counter register TCR3/transmit block counter TBC3_ =.) 


Fig.46 DMA controller block diagram 





DMA request is accepted only when the DMA permission 
bits are “1”. All these bits default to 0 upon resetting. 


Figure 49 shows the DMAi control register (i=0 to 3) bit 
configuration. Each channel of the DMAi control register 


-consists of 8 bits. Bits 0 through 3 are used for DMA re- 


quest source selection. 

Bit 4 determines whether the edge or level sensing func- 
tion is to be used for selecting the source of the request | 
from the DMA request input DMAREQi pin. Bit 5 is a DMA 
acknowledge output DMAACKi pin validity bit. When this 
bit is “O”, the DMAACKi pin is invalid. When the bit is “1”, 
on the other hand, the pin is valid. | | 
Figure 50 shows the DMAi mode register bit configuration. 
Each channel of the DMAi mode register (i=0 to 3) con- 
sists of 16 bits. Further details are given below. 


:s eenemnaneceneanran er) 
a o 
eee PS 


Destination address register DAR1 
Source address register SAR2/transmit parameter register TPR2 ise) 


Destination address register DAR2 ane 

cocaine ene ts 

Destination address register DAR3 | £F) 
DMA latch high order DMA latch low order | 
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Address( Hexadecimal notation) ‘ 


000068 -~ DMAC control register L 


000069 DMAC control register H 


Address( Hexadecimal notation) 





001FCO Source address registerO L 001 FEO 
Q01FC1 Source address registerO M 001FE1 
001FC2 Source address registerO H 001FE2 
001FC4 Destination address registerO L 001FE4 
001FCS Destination address registerO M 001FE5 
001FC6 Destination address register 0 4H 001FE6 
001FC8 | Transmit counter register 0 L 001FE8 
001FC9 Transmit counter register 0 M 001FE9 
O001FCA Transmit counter register 0 H 001FEA 
001FCC DMAO mode register L | _ 001FEC 
001FCD DMAO mode register H | 001FED 
OO1FCE | DMAO control register O01FEE 
001FDO Source address register1 L ~ Q01FFO 
001FD1 Source address register 1 M — OO1FF1 | 
001FD2 Source address register1 H OO1FF2 
001FD4 Destination address register 1oL | | 001FF4 
~ 001FD5 | Destination address register1 M OO1FF5 
001FD6 Destination address register 1H — 001FF6 
—OO1FDS | Transmit counter register 1 L | 001FF8 
—001FD9. ~ Transmit counter register1 M 001FF9 | Transmit counter register3. M | 
OO1FDA ‘Transmit counter register 1 | H OO1FFA 
001FDC DMA1 mode register L . 001FFC. 
O01FDD | DMA1 mode register H ’ 001FFD 
001FDE DMA1 control register OO1FFE 





Fig.47 DMA controller related register map 
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10 9 


TTT TTT TT TT PIT) DMAC control register H, iisdareease’ 6%, 68,0) 


Priority selection. bit 
0 : Fixed 
1 : Rotative 


Terminal count pin validity bit 
0 : Invalid. P10, is a normal:!/O port 
1 : Valid. P103 functions as the TC pin 


DMA request flag 
0 : No request 
1+ Request 
Bit 4: Channel 0 
Bit 5: Channel 1 
Bit6 - Channel 2 
Bit 7: Channel 3 
Software DMA request bit 
The DMA request is. generated when software DMA source is 
selected, and the value “1” is written into this bit 
Bit 8: Channel 0 | : 
Bit 9° Channel 1 
Bit 10 : Channel 2 
Bit 11: Channel 3 
DMA permission bit 
0 : Prohibited. 
1 : Permitted. 
Bit 12 : Channel 0 
Bit 13 : Channel 1 
Bit 14 : Channel 2 
_ Bit 15 - Channel 3 





Fig.48 DMAC controll register bit configuration 


Address 


‘¢DMAO control register(address 1FCE;,¢) 
DMA1 contro! register(address 1FDE,,) 
DMA2 control register(address 1FEE,.¢) 
‘DMA3 control register(address 1FFE,,) 


DMA request source selection bit 
0 0 0 0 : Prohibited. ae Timer BO 
0001 : External source(DMAREQI). : Timer Bt 
0010 : Software DMA source. 1: :TimerB2 
0011 : Timer AO - UARTO receive 
0100 : Timer A1_ : UARTO transmit 
0101 : Timer A2 | : UART1 receive — 
0110 : Timer A3 , : UART1 transmit 
0111 : Timer A4 a ! : A-D conversion 
Edge sense/level sense selection bit | 

0 : Edge sense 
1 : Level sense 
DMAACKi validity bit 

' 0 : Invalid 
1 : Valid 





Fig.49 DMAi controll register bit configuration . 
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10 9 


15 14 13 12 11 8 7 6 5 4 3 2 1 0 —— 














Fig.50 DMAi mode register bit configuration 





Address 
DMAO mode register H, L 1FCDi¢, 1FCCig 
DMA1 mode register H, L 1FDDi.¢, 1FDCig 
DMA2 mode register H, L 1FEDi¢, 1FECi¢ 
DMAS mode register H, L 1FFD4., 1FFCi¢ 
Number-of-unit-transfer-bits selection bit 
0 : 16 bits | 
1 ° 8 bits 


Transfer method selection bit 
0 : 2 bus cycle transfer 
1 : 1 bus cycle transfer 


Transfer mode selection bit 
0 : Burst 
1 : Cycle stealing | 


(Spare) 


Transfer source address change direction selection bit 
0 0 : Fixed 

01°: Forward . 

1 0 ! Backward 

1 1 : Prohibited 


Transfer destination address change direction selection bit 
0 0 : Fixed 

01 : Forward 

1 0 : Backward 

1 1 : Prohibited 


Transfer direction selection bit(1 bus cycle transfer method) 
0 : From memory to I/O 

1 : From I/O to memory 

Always “0” at 2 bus cycle transfer 


I/O connection selection bit(1 bus cycle transfer method) 
0 : Data bus low order 
1 : Data bus high order 


(Spare) 


Transfer source wait bit(DMA transfer method) 
0 : Wait 
1 : No wait. 


Transfer destination wait bit(DMA transfer method) 
0 : Wait 
1 : No wait 


Continuous transfer mode selection bit 
0 0 : Normal transfer 

0 1 : Repeat transfer 

1 0 : Array chain transfer 


11: Link array chain transfer 
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Pin descriptions 

The DMAREQi, DMAACKi, and TC pins are used for DMA 
transfer. . 

DMAREQI (i=0 to 3) is a DMA request input pin, and: port 
P9,, P93, P95 and P9; share with DMAREQO, DMAREQ1, 
DMAREQ2 and DMAREQ3 pins respectively, and used 
when a request for DMA transfer is made from external 


equipment. When the DMAi control register DMA request 


source selection bits (bits 3 through 0) are set to “0001”, 
the input from this pin becomes the DMA request signal. To 
use the DMAREQi pin function, set the associated bit of the 
port P9 direction register to input. | 

DMAACKi (i=0 to 3) is a DMA acknowledge output pin, 
and port PQ, P92, P9, and P9, share with DMAACKO, 
DMAACK1, DMAACK2 and DMAACK3 pins respectively. 


‘When bit 5 (DMAACKi validity bit) of the DMAi control reg- — 


ister of each channel is set to “1”, DMAACKi serves as the 
dedicated DMAACKi signal output pins. During DMA trans- 
fer, the operating channel acknowledge ‘signal output is 
generated no matter whether the 1 bus transfer or 2 bus 
transfer method is employed. When the acknowledge sig- 
‘nal is not to be used, set the DMAACKi validity bit to “O” so 
that DMAACKi can be used as the I/O pin. 

TC is a terminal count pin and TC pin shares with port 
P13. When the value “1” is written at bit 1 of the DMA con- 
trol register, the TC pin takes effect. At this time, the TC 
pin serves as the N-channel open drain output. terminal. 
When the transfer counter register or transfer block counter 
value is “0”, the TC pin generates a one- eyéle @“L” level 
output. 3 | 

When the TC pin validity bit is “1”, any ongoing channel 
DMA transfer can be stopped by changing the level of the 
input from the TC pin from “H” to “L”.. 


Data transfer method 
Two different data transfer method are used: two bus cycle 
transfer. and one bus cycle transfer. The two bus cycle 


transfer method is effective for memory-to-memory data — 


transfer, whereas the one bus cycle transfer method is 
effective for memory-to-I/O or I/O to memory data transfer. 
Two transfer method are detailed below. 


(1) Two bus cycle transfer 


When bit 1 of the DMAi mode register shown in Figure 50 | 


is set to “OQ”, the two bus cycle transfer method is selected. 
This method accomplishes one unit of transfer by perform- 
ing one reading bus cycle and one writing bus cycle. One 
unit of transfer refers to the number of bits that can be 
transferred by one DMA transfer operation. It is determined 
by bit 0 of the DMAi ‘mode register. When the bit is set to 


“0”, one transfer unit consists of 16 bits (2 bytes). When 


the bit is “1”, on the other hand, one transfer unit consists of 
8 bits (1 byte). | 
At two bus cycle transfer, bit 8 of DMAi mode register must 


be “0Q”. 

Figure 51 shows an example of two bus cycle transfer. In 
the reading cycle, the transfer source (memory 1) address. 
is output to the address bus, its address data is read in 
one-transfer units, and stored in the DMA controller DMA 
data latch (16-bit). In the writing cycle; on the other hand, 
the transfer destination address is output to the address 
bus and the data stored in the DMA data latch is written at 
the transfer destination (memory 2) address. If the read/ 
write operation is not completed by one session, it is di- 
vided into two sessions (for details see under Bus cycle at 
DMA transfer). 

When two bus cycle transfer is effected in 16-bit units with 
an external bus width of 16 bits employed, the following op- 
erations cannot be performed. 

1. The transfer source and destination are DRAM, and an 
odd-numbered address designated as the first address for 
the backward transfer source address change direction. 

2. The transfer destination is DRAM, and an odd-numbered 
address designated as the first address for the backward. 
transfer destination address change direction. 


(2) One bus cycle transfer 


When bit 1 of the DMAi mode register is set to ae the one 
bus cycle transfer method is selected. 

When data transfer is to be made between I/O and mem- 
ory, this system reads from memory at the same time it 
writes into |/O, or vice versa, to carry out data transfer at 
high speed. Bit 8 of the DMAi mode register determines 
whether one bus cycle transfer is to be made from memory. 
to I/O or from I/O to memory. When this bit is set to “0”, 
data transfer is made from memory to I/O. When the bit is 
“1” on the other hand, data transfer is made from |/O to 


memory. 


Figures 52 through 55 show examples of one bus cycle 
transfer. Figure 52 shows a memory-to-|/O DMA transfer in 
cases where the transfer is effected in 16-bit units with an 
external bus width of 16 bits employed. The memory 


(transfer source) address is output to the address bus. The 


R/W signal is “H”, and the BLE and BHE signals are “L”.- 


~The read operation is performed at both even- and odd- 


numbered addresses. This ensures that the memory data is 
read into the data bus high-order area (Dg~Dy,5) and low- 
order area (Dp~D,). At the same time, chip selection is 
made in accordance with the. acknowledge signal from the 
DMAACKi pin, and the data read from memory is directly 
acquired when the E signal level rises. In this manner, data 
is transferred from memory to I/O in one bus cycle. 

In data transfer from |/O to memory, chip selection is made 
according to the acknowledge signal from the DMAACKi 
pin and ‘data is read into the data bus from I/O. At the same 
time, the memory (transfer destination) address is output to 
the address bus, and the R/W signal goes Low to write i 
data into memory. To receive the one bus cycle transfer 
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service for DMA purposes, however, the external circuitry 
must be formed in such a manner that the read and write 
signal inputs for |/O are the reversal of the M37720S1FP’s 
read and write signal outputs. Figure 53 shows the data 
transfer data flow of Figure 52. | 

When the address changes in forward direction, data 1 and 
data 2 are transferred to the |/O’s 8 low-order bits and 8 
high-order bits, respectively, in the first cycle of DMA 
transfer. In the next cycle of DMA transfer, data 3 and data 
4 are transferred to the I/O’s 8 low-order bits and 8 high- 
order bits, respectively. In this manner, the memory data 
are sequentially transferred to the I/O. . 


Read cycle 


DMA data latch 


M37720S1FP 


If the address changes in backward direction, on the other 
hand, data 10 and data 9 are transferred to the |/O’s 8 
high-order bits and 8 low-order bits, respectively, in the 
first DMA transfer cycle. 

When one bus cycle transfer is effected in 16-bit units with 
an external bus width of 16 bits employed, as shown in Fi- 
gure 52, 16 bits of data are simultaneously read into the 
data bus. Therefore, determine the transfer start address so 


that transfer begins with an even-numbered address when 


the address change mode is forward or that transfer begins 
with an odd-numbered address when the address change 
mode is backward. 


Memory 1 low order 
Memory 1 high ordr 


. 3. 
3 se) 
5 °o 
3 & 
5 = 
N N 
5 ae 
= E 
® o 
= Ss 


Write cycle 


DMA data latch 
M37720S1FP 


Fig.51 Two bus cycle transfer example 








Memory 1 low order 
Memory 1 high order 
Memory 2 low order 
Memory 2 high order 
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, : Internal Si ule ee 
Data bus high order _ clock ¢ , 
a E on ee eee 
I Degen tee “y 
| order) flow 4 S 2 Address ; X Memory address | x 
. DMAACKi | | 


R/W 


| {Data (high order) flow} 


Memory low order 


M 
3 
7 
7 
2 
0 
S 
| 
F 
P 


Memory high order 
1/O low order 
1/0 high order 


Address bus ee ee 
: DMAACKi 


When transfer is effected in 16-bit units with an 
_ external bus width of 16 bits employed 





Fig.52 1 bus cycle transfer example(memory to I/O})(1) 


Even address 


Data (X) Low-order 8 bits 
Data (X+1) . High-order 8 bits 


@ la |e ole le lo la lo le 


Memory 


Memory 


Backward 


: Data (X) .| Low-order 8 bits 
Data (X+1) High-order 8 bits 


© {© {© [6 [9 [© |6 {© |@ |@ 





Fig.53 Data flow at the date transfer 
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Figures 54 and 55 indicate the cases where transfer is 
made in 8-bit units with an external bus width of 16 bits 
employed. 

| Figure 54 shows the cases where an external bus width of 
16 bits is employed with the I/O connected to the 8 low- 
order bits only. Connect the odd-numbered address 
memories to data bus high-order area (Dg~Dj,5) and the 
even-numbered address memories to data bus low-order 
area (Dj) ~ D7). When data is transferred from an odd- 
numbered memory address to I/O, the data is read from 
the memory high-order to the data bus high-order. The 
read data first goes into the chip, is copied by the DMA 
controller to the data bus low-order, and then output out- 
side. Therefore, the data output to the data bus low-order is 
the same as that for the high-order. For the 1/0, chip selec- 
tion is made according to the DMAACKi signal so that the 
data output to the data bus low-order is acquired. When 
data is transferred from an even-numbered address mem- 
ory to 1/0, the data read from the memory low-order is 
directly acquired by the I/O. At this time, M37720S1FP data 
bus pins Do to D7 are floating. 








Internal 
a ce ee ea ea 


mice : oe eo —— Tl 





a | Data flow | |: ; Data b Address Memory (odd) addressKMemory (even) addres < 
“y , Of even 4 [4 a 
[i address 1 | ee : 


DMAACKi 


R/W 


UN—-KNOMONANWS 





Data bus high owe we ee me -- ~ ew 
order 


Memory low order 
Memory high order |} 
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Figure 55 shows the case where the I/O is connected to Table 5. Data bus conditions for one bus cycle 


the 8 high-order bits only. When data is transferred from an — DMA transfer - | 
odd-numbered memory address to I/O, the data read from . Te 

the memory high-order is directly acquired by the I/O. At Lee) 
this time, M37720S1FP data bus pins Dg through Dis are 16-bit | 16-bit | 
floating. When data is transferred from. an even-numbered | internal | 16-bit | 16-bit | 0 | 
‘memory address to I/O, the data is read from the memory. 16-bit_.|__8-bit 
low-order to the data bus low-order. The read data first 8-bit : 
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goes into the chip, is copied by the DMA controller to. the 
® 
® 
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initiate DMA transfer no matter whether the 8-bit I/O is Internal 1 0 " Upper 


connected to the low-or high-order of the data bus. In the | — | — | Lower | 
above data copy between the chip’s internal data buses, | — | — | Lower | 


there is limitation on the transfer rate. 

When one bus cycle transfer is effected with an external 
bus width of 8 bit, |/O connection selection bit must be “0”. 
When one bus cycle transfer is effected in 16-bit units with 
an external bus width of 16 bits employed, the following op- 
eration cannot be performed. | 

1. The object memory is DRAM, and an odd-numbered 
address designated as the first address for the backward 
transfer address change direction. Figure 56 shows the 
data bus status when one bus cycle transfer is made under 
the conditions indicated in Table 5. 
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DMA request sources 

One out of fifteen DMA request sources can be selected 
for each channel. There are a total of fifteen DMA request 
sources. The internal DMA request sources are the A-D 
conversion, UARTO transmit/receive, UART1 transmit/re- 
ceive, timer A4, timer A3, timer A2, timer A1, timer AQ, tim- 
er B2, timer B1, timer BO and the software DMA source by 
programs. The external DMA request source is one associ- 
ated with DMAREQi pin input. For DMA request source 


selection, use the DMAi control register DMAi. request 


source selection bits (bits 0 through 3) as shown in Figure 
49. Table 6 indicates the contents of the bits and DMA re- 
quest sources. The request timing is the same as that for 
interrupt. p 


When the software DMA source is selected with the DMA. 


request source selection bits, the DMA request flag is set 
to “1” by writing the value “1” for the DMAC control register 
software DMA request bits (bits 8 through 11). When the 


DMA request flag is “1”, the software DMA request bits are. 


automatically cleared. When the external source is 
selected with the DMA request source selection bits, the 
_ input from the DMAREQi pin sets the DMA request flag to 

“1”. The DMA transfer request will not be accepted until 
both the DMAC control register DMA permission bit and 
DMA request flag are “1”. Therefore, if the DMA permission 
bit is “O” while the DMA request flag is “1”, the DMA re- 
quest will not be accepted. Note that DMA permission bit is 
cleared to “0” upon resetting. Therefore, after DMA transfer 
parameter and other data setup, set to “1” the DMA per- 
mission bit of a DMA channel to be rendered valid. This 
assures that the transfer request bit of that channel takes 
effect, making is possible to effect DMA transfer. 


Table 6. Relationship between DMA request source selection 
bits (bits 3 to 0) and DMA request sources 
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A-D conversion 


Transfer mode | 7 

Two DMA transfer modes are available: burst transfer mode 
and cycle steal transfer mode. Mode selection is made 
variously for all channeles, using bit 2 of the DMAi mode 
register. When this bit is set to “O”, the burst transfer mode 
is selected. This mode is automatically selected upon re-" 
setting. 3 | 7 


(1) Burst transfer mode 

When a DMA request is request is received from a certain 

channel in the burst transfer mode, the DMA request from 

another channel will not be accepted until the DMA transfer 

on the former channel is completed. In the burst transfer. 
mode, either the edge sense or level sense mode can be . 
selected only when the input from the DMAREQi pin. 
(external source) is chosen as the request source. 

When DMAi control register bit 4 is set to “0”, the edge 


sense mode is selected. The edge sense mode is auto- 


matically selected upon resetting. In the edge sense mode, 
the DMA request flag is set to “1” when the input from the 
DMAREGQi pin falls. In the burst transfer edge sense mode, 
the DMA request flag is cleared to “0” when any of the fol-. 
lowing conditions is met. : : 
1. The channel i DMA permission bit is cleared to “0” 
(forced termination of transfer). | 

2. The channel i DMA request flag is cleared to “0”. 

3. Channel i DMA transfer is wholly terminated. 
4. The “L” level is entered to the TC pin during channel i 

transfer execution (forced termination of transfer). 

Figure 57 shows an example of edge sense mode burst 
transfer. In this example, the DMAREQi pin input (external 
source) is chosen-as the DMA request source. When the 
DMAREQi pin input changes from the “H” to “L” level dur- 
ing CPU operation, the DMA request flag is set to “1” and 
the DMA controller acquires the right of bus use and initi- 
ates transfer. From high to low, the bus use priority is for 
DRAM refresh, HOLD, DMA controller, and CPU. Therefore, 
if the request is made -by the DRAM refresh, which has a 
higher priority than the DMA controller, the DMA controller 
halts any ongoing transfer operation at the end of the cur- 
rent transfer cycle and transfers the bus use right to the 
DRAM controller as shown in Figure 57. Upon getting the 
bus use right, the DRAM controller generates the refresh 
cycle. When refreshing is terminated, the DMA controller 
resumes the execution of the interrupted DMA transfer at 
the point of interruption. Once a DMA request is received 





in the burst transfer mode, no request from another channel | 


is accepted unless DMA transfer is entirely terminated or 
the transfer operation is brought to a forced stop. There- 
fore, even when the request flag of channel 0, which has a 


high priority, is set to “1” in the middle of transfer as shown 
in Figure 57, such a request will not be accepted (the 


priority is explained in the next section). When channel 1 | 


_DMA transfer is completed, the bus use right is once trans- 
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ferred to the CPU, and the DMA transfer request from 
channel 0 is later accepted at the end of the current bus 
cycle. 

When bit 4 of the DMAi control register is set to “1”, the 
level sense mode is selected. The level sense mode can 
only be used for the DMA request from the DMAREQi pin. 
When selecting other sources, be sure to select the edge 
sense mode. 


DMA controller 


CPU 


DMAREQ!1 


DMA1 request flag eee = pee See ee Se ee 
DMAO request RO ce ra 
Refresh eaice ee x |e ee ee ae 





Fig.57 Edge sense mode burst transfer example 
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In the level sence mode, the DMAi request flag is set to “1” 
to initiate DMA transfer only. while the DMAREQi pin input 
is “L”. If the DMAREQi pin input level returns to “H” in the 
middie of transfer, the DMA operation is interrupted at the 
end of the current transfer cycle so that the bus use right is 
returned to the CPU. At this time, the DMA permission bit is 
not cleared. When the DMAREQi pin input goes Low, the 
transfer operation is resumed at the address subsequent to 
the point of interruption. In the level sense mode, the DMA 
request flag varies only with the level of the input from the 
DMAREGQi pin. Therefore, while the DMAREQi pin input 
level is Low, the DMA request flag remains to be “1” even 
if transfer is completed. | . mG 

Figure 58 shows an example of level sense mode burst 
transfer. When the channel 1 DMAREQi pin input level 
changes from “H” to “L” during CPU operation, the DMA 
- request flag is set to “1” ‘so that the DMA controller: ac- 
quires the bus use right and initiates transfer. When the 


DRAM refresh 


ee ewe ee eee eee ee eee oe 


HOLD 


DMAREGQi pin input returns to the “H” level, the DMA1 re- 


quest flag is cleared. This causes the DMA transfer opera- 
tion to be interrupted and returns the bus use right to the 
CPU. When the DMAREQ1 pin input is returned to the “L” 
level again and the DMA1 request. flag set to “1”, DMA 


_ transfer is resumed at the point of interruption. As with the 


edge sense mode, no transfer request from a different 
channel is accepted while DMA transfer is executed for a 
certain channel. For instance, if the channel 1 request flag 
is set to “O” and the request flag of channel 0, which has a 


higher priority, is set to “1”, the new request will not be 


accepted. When channel 1 DMA transfer is wholly termin- 
ated, the DMA permission bit is set to “O” so that the bus 
use right is transfered to the CPU. The DMA transfer re- 


| quest from channel 0 is then accepted at the end of a bus 
cycle. 


en ed 


I ee i he ed 


— mee eee ee ee ee ee ee 
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Fig.58 Level sense mode burst transfer example 
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(2) Cycle steal transfer mode 

When bit 2 of the DMAi mode register is set to “1”, the cy- 
cle steal transfer mode is selected. In the cycle steal trans- 
fer mode, be sure to select the edge sense mode. 

When the DMA request occurs in the cycle steal transfer 
mode, the DMA request flag is set to “1” as in the burst 
transfer mode. When the DMA request from a channel is 
accepted, DMA transfer starts. However, the DMA request 
flag is automatically cleared at the beginning of the first 
DMA transfer cycle. Therefore, if there is no channel DMA 
request at the end of one-unit transfer, the DMA controller 
returns the bus use right to the CPU. If there is a DMA re- 
quest from any channel, the DMA controller continues to 
use the bus and initiates DMA transfer for the channel. In 
the cycle steal transfer mode, the priorities of the channels 
are considered at all times to assure that the DMA request 
from a channel having the highest priority is accepted to in- 
itiate DMA transfer execution. Transfer is effected in one 
transfer unit segments. However, the DMA permission bit 
will not be cleared even if the DMA request flag is cleared. 
Therefore, when the DMA request flag is set to “1”, transfer 
is resumed at the point of interruption. When the transfer 
counter value is “0” in normal transfer, or both of the trans- 
fer counter and transfer block counter value is “OQ” in array 
chain transfer, the DMA permission bit is cleared to termin- 
ate the whole DMA transfer operation. 


DRAM refresh 


HOLD 


r--- 


DMA controller | 


CPU 


DMAREQ1 


Figure 59 shows an example of cycle steal transfer. When 
the DMAREQi pin input changes from “H” to “L”, the DMA1 
request flag is set to “1” and the DMA controller acquires 
the bus use right to initiate DMA transfer. The DMA1 re- 
quest flag is cleared when the channel 1 transfer cycle 


_ Starts. Therefore, if there is no DMA transfer request from 


the other channels, the DMA controller returns the bus use 
right to the CPU at the end of one transfer cycle. In the ex- 
ample showed in Figure 59, however, DMAO transfer cycle 
execution continues because the channel 0 request flag is 
set to “1”. When the DMAO transfer cycle is terminated, the 
DMA request flags of all channels are set to “0” so that the 
DMA controller returns the bus use right to the CPU. When 
the DMA1 request flag is set to “1”, only one cycle of trans- 
fer operation is performed. Even if the DMA1 request flag 
is cleared at this time, the DMA1 request flag is set to “1” 
again to effect continued transfer as long as the DMAREQi 
pin input goes Low before the end of the next transfer cy- 
cle. In cycle steal transfer, the priorities of individual chan- 
nels are examined at the end of each transfer cycle. There- 
fore, if the request is sent from channel 0, which has a 
higher priority than channel 1, channel 0 transfer is ex- 
ecuted first. Further, if the refresh request is sent from the 
DRAM controller, such a request for bus use takes prece- 
dence as it has a high priority. 


Refresh cycle 


| | i v ! 
DMA1 request flag | | | | | | LY | ] 


DMAREQO 


DMAO request flag | | 7] 


Refresh request 


Fig.59 Cycle steal transfer example 
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Priority "  ¢.. & 
Priorities are assigned to all DMA channels. Either the fixed 
or rotative priority can be selected. When bit O (priority 


selection bit) of the DMAC control register is set to “0”, the 


fixed priority is selected. Note that the fixed priority is auto- 
matically chosen upon resetting. In the fixed priority, the 
channels are given fixed priorities and DMA transfer is ex- 
ecuted in the order of priority. From high to low, the priori- 


ties are assigned to channels 0, 1, 2; and 3. As indicated in 
Figure 61, the priorities are checked when the first DMA | 


request is received in the burst transfer mode or at each 
cycle end in the cycle steal transfer mode. 
‘When bit 0 of the DMAC control register is set to “1”, the 


(1) Before the start of transfer (after resetting) 


_ Channel 0 > Channel 1 


(2) After completion of channel 0 transfer 


Channel 0 <____- Channel 1 


Channel 1 — Channel 2 | 


(3) After completion of channel 2 transfer 


Channel 1 <———— | _ Channel 2 | 


7, 


<< 


o 
al 


<——_—____ 


rotative priority is used. From high to low, the initial priori- ’. 
ties are assigned to channels 0, 1, 2, and 3 as is the case 
with the fixed priority. When the DMA transfer for one chan- 
nel is normally terminated with the rotative priority em- 


ployed, the priorities are rotated in such a manner that the © 


channel, for which transfer has just been completed, ‘has 
the lowest priority. For example, when channel 0 transfer is 
normally terminated as shown in Figure 60, the priorities 
are rotated upon completion of transfer so that the new 
priorities are, in decreasing order, channel 1, channel 2, 
channel 3, and channel 0. The priorities remain unchanged. 
when DMA transfer is forcibly terminated by TC pin input or. 
DMA permission bit clearing. & * es 


Channel 2 = | Channel 3 


| Channel 2 Channel 3 


’ Channel 3 Channel 0 


Channel 3 < ChannelO - 


as 


“Channel i Channel 0 


a 


Fig.60 Rotative priority 
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Fig.61 Channel priority determination timing (Fixed priority) 
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Transfer address change direction 
The address change direction in DMA transfer can be de- 


signated independently for the transfer source and destina- 


tion. Choices are “forward”, “backward”, and “fixed”. When 
the forward direction is chosen, the address increments. 
When the backward direction is selected, the address de- 
crements. When the flxed direction is selected, the address 
is fixed(2 bytes when one transfer unit consists of 16 bits or 


1 byte when one transfer unit consists of 8 bits) and does. 


not change. Use bits 4 and 5 of the DMAi mode register 
shown in Figure 50 to specify the transfer address change 
direction for the source. For the destination, use bits 6 and 
me | | 

Figure 62 shows an example transfer address change 
mode when two bus cycle transfer is effected in 16-bit un- 
its. Figure 62-(1) shows an example case where both the 
DMAi mode register transfer source and _ destination 
address change directions are set to “forward”. In this type 


of setup, data are transferred from memory 1 to memory 2 


in the ©, @, ®@, and @ order. Figure 62-(2) shows a case 
where the transfer source address change direction is “for- 


ward” and the destination addresses are “fixed”. In this: 


setup, the memory 1 data are called up in the forward 
address change direction and written at fixed memory 2 
addresses in one transfer unit segments. Figure 62- (3) 


shows a.case where the transfer source address change : 


direction is. forward and the destination address change 
direction is backward. Figure 62-(4) shows a case where 
the transfer source address change direction is backward 
and the destination addresses are fixed. In this setup, the 
memory 1 data are written at fixed memory 2 addresses in 
one transfer unit segments in the ©, @, and @ order. 

As explained above, three different address change modes 


are selectable for each of the transfer source and destina- 


tion. A total of nine different address change direction com- 
binations are available. a | 

In one bus cycle transfer, the memory. side address change 
direction depends on the memory bits. For data transfer 
from memory to I/O, therefore, use bits 4 and 5 (transfer 
source address change direction selection bits) of the 
DMAi mode register to determine the memory side 


(transfer source) address change direction. This is not. 


affected by bits 6 and 7. (transfer destination address 


change direction selection bits). For data transfer from I/O. 


to memory, use bits 6 and 7 of the DMAi mode register to 
set the memory side (transfer destination) address change 
direction. This is not affected by bits 4 and 5. 


(1) Forward-Forward 
Transfer source’ 
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‘Fig.62 Two bus cycle transfer address change direction © 
examples (when one transfer unit consists of 16 
bits) en 
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Bus cycle at DMA transfer 
The: memory or I/O read/write cycle (hereinafter referred 
to as the bus cycle) is basically the same as the bus cycle 
of CPU. Figure 63 shows six examples of bus cycle. 
When transfer. is made in 8-bit (1-byte) units, the operating 
waveform is as shown in Figure 63-(1). Bit 12 of the DMAi 
mode register is the transfer source wait bit and bit 13 is 
the transfer destination wait bit for DMA transfer. When the 
transfer source wait bit is set to “O” in cases where the 
DMA controller performs a read operation, the E signal “L” 
output period is extended as shown in Figure 63-(2) so that 
the “L” width of E signal is extended 2 times as long. When 
the transfer destination wait bit is set to “0” in cases where 
the DMA controller performs a write operation, the “L” 
width of E signal is extended 2 times as long. All channels 
have DMAi mode register, it is possible to determine 
whether or not to extend the access time depending on the 
speed of the memory space element to be accessed. The 
DMA controller wait bit is effective for both the internal and 
external memory areas. 
When transfer is made in 16-bit (2-byte) units, the operat- 
ing waveform looks like Figure 63-(1) if the following two 
conditions are met. 
1. The associated channel transfer address change direc- 
tion is either forward or fixed. . 
2. The first address of the eae to be accessed is even- 
numbered. 
However, when the transfer source or destination wait bit is 
“QO”, the DRAM area is being accessed, or transfer para- 
meters are read in the array chain or link array chain trans- 
fer mode, the E signal “L” period is extended so that the 
operating waveform looks like Figure 63-(2). 
When transfer is made in 16-bit (2-byte) units, the operat- 
ing waveform looks like Figure 63-(3) if the following two 
conditions are met. 
1. The associated channel transfer address change direc- 
tion is backward. — > 3s 
2. The first address of the memory to be accessed is odd- 
~ numbered. 
In this case, although the two ayes can be accessed 
simultaneously, one additional internal clock cycle ¢is 
needed. However, when the transfer source or destination 
wait bit is “O” or the DRAM area is being accessed, the E 


signal “L” period is extended so that the operating wave-. 


form looks like Figure 63-(4). 

When transfer is made in 16-bit (2- byte) units, the operat- 

ing waveform looks like Figure 63- (5) if the following two 

conditions are met. 

1. The associated channel transfer address change direc- 
tion is forward. 

2. The first address of the memory to be Ageaseed is odd- 
numbered. | 
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The same waveform results if the following two conditions 
are met. 
1. The associated channel transfer address change direc- 
tion is backward. 
2. The first address of the memory to be accessed is even- 
numbered. | ae | 
In these cases, accessing is done in 1 byte units only. 
Therefore, accessing is conducted in two sessions. Howev- 
er, if the transfer source or destination wait bit is “O” or the 
DRAM area is being accessed, the E signal “L” period is 
extended. If the wait bits of the transfer source and des- 
tination are both “OQ”, the operating waveform looks like Fi- 
gure 63-(6). 


DMA continuous transfer 

(1) Normal transfer 

With the normal transfer function, it is possible to effect 
DMA transfer of the preselected number of bytes. As 
shown in Figure 50, first set up the number of one-transfer 
unit bits, transfer method, 
address change direction of the DMAi mode register, and 
then write the transfer source block first transfer address 
(the block’s lowest-order address in the forward or fixed 
_transfer address change direction or the block’s highest- 
order address in the backward address change direction) 
into the source address register (hereinafter referred to as 
the SAR). Further, write the destination block first transfer 
address (the lowest-order address in the forward or fixed 
transfer address change direction or the highest-order 
address in the backward transfer address change 
direction) into the destination address register (hereinafter 
referred to as the DAR). Also write the desired number of 
bytes to be transferred, into the transfer counter register 


_ (hereinafter referred to.as the TCR). Write the value 1 or. 


more into TCR. The SAR, DAR, and TCR have 24 bits each. 
Be sure to write into all these bits. The SAR, DAR, and TCR 
are located at the addresses shown in Figure 47. The next 


step is to perform DMA source and other setups for the’ 


DMAi control register shown in Figure 49. Set up bit 0 
(priority selection bit) and bit 1 (terminal count validity bit) 


of the DMAC control register shown in Figure 48,and finally. 
set the DMAC control register DMA permission bit to “1” so — 


as to make the DMA request acceptable. 


When the contents of TCR are “0”, the terminal.count TC. 


signal output is generated, and at the same time, the inter- 


rupt request bit of the DMA interrupt control register is set 


to “1”. 

To halt transfer, enter the “L” level to the TC pin or write 

the value “0” in the DMA permission bit position. At this 

time, the interrupt request bit of the DMA interrupt control 

register is not set. | 

An example normal transfer Spetation performed under the 
following conditions is presented below. 


transfer mode, and _ transfer. 


° Transfer unit: 16 bits 
¢ Transfer method: 2 bus cycle iransier 
_ Transfer mode: Burst transfer mode (edge seeey 

¢ Transfer source address change direction: Forward. .. | 

* Transfer destination address change direction: Forward | 

¢ Transfer source wait: None 

¢ Transfer destination wait: None 

¢ DMA source: External input (DMAREQi) __ 
When the DMAREQi pin input level changes from “ye to 
“L”, the DMA request ‘flag is set to “1” so that the DMA 
transfer request is accepted. - 
At this. time, if there is no refresh request from the DRAM 
controller or no HOLD request is made from the HOLD pin, 
the DMA request is accepted. If no request is received 
from a channel having a higher priority than the accepted 
DMA channel, the DMA transfer for that accepted channel 
starts. If there is a DMA request from a channel having a 
higher priority, the DMA transfer for such a channel takes 
precedence. 
As two bus cycle transfer is made, a read operation is per- 
formed in the first bus cycle. First the address written into 
the SAR is output to the address bus and then inputted into 
the incrementor/decrementor (hereinafter referred to as 
the I/D). The I/D adds 1 or 2 to the entered address and 
outputs the result back to the SAR. If one’ 16-bit transfer 
operation is not enough to complete the read operation, the 
read operation is divided into two sessions to achieve the 
Purpose. The operation performed so far is called the read 





cycle and the R/W signal goes High. The data from mem- 
ory or I/O is stored in the data latch within the DMA con- 


troller. 

The write operation is enomase in the next bus cycle. First 
the address written in the DAR is output to the address bus. 
and then inputted into the I/D. The I/D adds 1 or 2 to the 
entered address: and outputs the result back to the DAR. If 
one 16-bit transfer operation is not enough to complete the 
write operation, the write operation is divided into two ses- 
sions to achieve the purpose. The operation performed so 
far is called the write cycle and the R/W signal goes Low. 
The data stored in the DMA controller data latch in the read 
cycle is output to’ the data bus in the write cycle and written 
into the destination memory or 1/0. The operations per- 
formed so far comprise one data transfer unit. In two bus 
cycle transfer, the read and write cycle combination is cal- 
led the DMA transfer cycle. DMA transfer is executed 2 
repeating the DMA transfer cycle. 

In two bus cycle transfer, the TCR varies in the read cycle. 
The remaining transfer bytes are read from the TCR in con- 
currence with address output from SAR in the read cycle, 
and inputted into the decrementor (hereinafter referred to 


as the D). The D subtracts 1 or 2-from the number of re- 


maining bytes and outputs the result back to the TCR. In 
this manner, the contents of the TCR decrease after each 


-one-unit transfer. When the number of remaining bytes, 





2-140 


@ wirsusisH : 


MITSUBISHI MICROCOMPUTERS 


— M37720S1FP,M37720S1AFP 





which is read from the TCR, becomes “0”, the DMA control- 
ler outputs the terminal count TC signal to the TC pin, and 
at the same time, sets the interrupt request bit of the DMA 
interrupt control register to “1”. At this time, the DMA per- 
mission bit is cleared. As the burst transfer mode is 
selected in this example, the DMA request flag is also 
cleared. oe 

To halt transfer before completion, enter the “L” level to the 


Internal 
clock ¢ 


E 
Address 


Data 
R/W 


TC 


16-BIT CMOS MICROCOMPUTER 


TC pin (P1 03) or write the value “O” in the DMA permission 


bit. : 


In normal transfer, the first values written in the SAR, DAR, 
and TCR are retained in the internal latches. Therefore, if 
DMA transfer is to be effected under the same conditions, 
it can be initiated simply by setting the DMA permission bit 
to “1”. | 

Figure 64 shows the normal transfer timing diagram. 


PpG_ sp dp spre J dpt2 ZB spt4 A dpt4 %  spt6_ Kecx Pc+2 J 
DATAO, 1 DATA2, 3 DATA4, 5 : 


DMAACKO Oe ee 


¢ Transfer unit : 16 bits. 

¢ Transfer method : 2 bus cycle. 

¢ Transfer mode : Burst 

* Transfer source address change direction . Forward 

¢ Transfer destination address change direction - Forward 
¢ Transfer source wait : None — 

¢ Transfer destination wait : None 

* sp (source address register value) : Even number 

* dp (destination address register value) : Even number 
* tc (transfer counter value) : 6 


Fig.64 Timing diagram of normal transfer 














MITSUBISHI MICROCOMPUTERS 


_ M37720S1FP,M37720S1AFP 


16-BIT CMOS MICROCOMPUTER 





(2) Repeat transfer 


The term “repeat transfer” refers to DMA transfer in which | 


normal transfer is repeated. First set up the number of unit 
transfer bits, transfer method, transfer mode, and transfer 
address change direction of the DMAi mode register. Next 
write the transfer source block transfer start address in the 
SAR and the transfer destination transfer start address in 


the DAR. Further, write the number of bytes to be transfer-. 
red, into the TCR, and set up the DMAi control register and 


DMAC control register, The DMA request: is now accept- 


able. When the DMA request is received in this state, DMA 


transfer starts. Even when the number of remaining bytes 
(to be read from the TCR) becomes 0, the DMA permis- 
sion bit is not cleared. When the burst transfer function is 
activated, the DMA request flag is not cleared either. When 
the cycle steal transfer function is selected, the DMA re- 


Internal 
clock ¢ 


Address 


Data 
R/W 


‘ : DATAO, 1 | 


ALE 


BLE 


BHE 
STO 


ST1 
TC 


quest flag is cleared at the end of each one-unit transfer. - 

The first values written in the SAR, DAR, and TCR are re- 
tained in the internal latches. The contents of the latches 
are transferred to the SAR, DAR and TCR at the end of the 
last transfer cycle. Therefore, when the burst transfer func- 
tion is selected, the transfer operation is repeated starting 
with the first written values. When the cycle steal transfer 
function is selected, on the other hand, these values are 
used as the initial values and transfer is initiated each time 
the DMA request flag is set to “1”. 

To terminate this type of transfer, enter the “L” level to the 
TC pin or write the value “0” in the DMA permission bit. © 


In repeat transfer, TC signal output and the setting to the 


interrupt request bit of the DMA interrupt control register 
are not performed. | 
Figure 65 shows the repeat transfer timing diagram. 


ae ase) ag ine cory Oa UP eran A pe es ae 


Asp Pp Kt spr 4 K dpr4 KX spre XP OK dp spt? K dpt2 } 


DMAACKO 1 Sa 


* Transfer unit : 16 bits 
‘¢ Transfer method : 2 bus cycle 
* Transfer mode : Burst 
* Transfer source address change direction : Forward 
° Transfer destination address change direction : Forward 
¢ Transfer source wait : None 
¢ Transfer destination wait : None 
| * sp (source address register value) : Even number 
* dp (destination address register value) : Even number 
*'tc (transfer counter value) : 6 


Fig.65 Timing diagram of repeat transfer — 
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(3) Array chain transfer 

The term “array chain transfer” refers to the DMA transfer 
in which one channel is used for the data transfer for two or 
more memory blocks. 

Three parameters necessary for transfer, that is, the trans- 
fer source start address, transfer destination start address, 
and the number of transfer bytes, must be sequentially writ- 
ten into the transfer parameter memory. The transfer para- 
meter memory can be located in an arbitrary position in the 
memory space. Figure 66 shows an array chain transfer 
mode transfer parameter memory configuration example. 
All the transfer parameters of the memory block to be 
transferred must be written into the transfer parameter 
memory. The transfer parameter write format is indicated in 
Figure 67. For one bus cycle transfer, the I/O side para- 
meters are not needed. For transfer from memory to I/O, 
for instance, consecutively write the transfer source start 


address and the number of transfer bytes only as shown in. 


Figure 68. As the transfer destination start address needs 
‘not be written, it is possible to save on the transfer time 
and transfer parameter memory area. _ | 

In normal or repeat transfer, the first values written in the 
SAR, DAR, and TCR are retained in the internal latches. In 
array chain transfer and link array chain transfer, however, 
the latches perform different functions. : 


‘The SAR latch serves as the transfer parameter register » 


(hereinafter referred to as the TPR) which indicates the 
first address of the transfer parameter memory. The TCR 
latch serves as the transfer block counter (hereinafter re- 
‘ferred to as the TBC) which indicates the number of trans- 
fer blocks. In array chain transfer and link array chain trans- 
fer, writing a value at an SAR address causes that value to 
be written in the TPR, and writing a value at a TCR address 
causes that value to be written in the TBC. | 

The array chain transfer operations are detailed below. 

As is the case with the other types of transfer, first set up 
the DMAi mode register, DMAi control register, and DMAC 
control register. Write the first address of the transfer para- 
meter memory into the SAR. This value is then written into 
the TPR. Be sure that an even-numbered address is desig- 
nated as the first address. Nothing needs to be written into 
the DAR. Into the TCR, on the other hand, write the number 
of memory blocks to be transferred. This number is then 
written into the TBC. When the DMA permission bit is set to 
“41” after completion of the above-mentioned setup, DMA 
transfer is enable. | 

In array chain transfer, the transfer parameters are first 
read from the transfer parameter memory and then written 
into the SAR, DAR, and TCR. This operations state is called 
the “array state”. Figure 69 shows a two bus cycle transfer 
mode array state example. The DMA controller outputs the 
first address of the transfer parameter memory to the 
address bus, and sequentially stores the read data into the 
_SAR, DAR, and TCR. 


Fig.66 
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“4 bytes 
A bytes 
4 bytes 


Transfer source stan aaaress1 | 
Transfer destination ster address i] _ 
Number of transfer bytes? | _ 

"[Rranster source start accross @ | ~ 
Fransfer destination stan aaaress A 
fee ee 


Array chain transfer mode parameter memory 
configuration example 


Transfer source start address (L) <—— Even number address 


Transfer source start address (M) 
Transfer source start address (H) 

Dummy byte 
Transfer destination start address (L)} 
Transfer destination start address (M) 


Transfer destination start address (H) 


Number of transfer bytes (L) 
Number of transfer bytes (M) 


iNumber of transfer bytes (H) 


Transfer parameter address (L) 





: 
L 





Parameter memory format 


: Transfer source start address 1 


Transfer parameter address (M) 
Transfer parameter address (H) — 


«. Necessary in case 
of link array chain 
transfer only 


Number of transfer bytes 1 


Py bytes 
4 bytes 
: Transfer source start address 2 | 


Number of transfer bytes 2 


Transfer source start address 3 
Number of transfer bytes 3 
[Transfer source start address 4 
Number of transfer bytes 4 


Transfer parameter memory at 1 bus cycle 


transfer 
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When the transfer parameters for one block are completely 
stored, the contents of the TBC are decremented by 1 and 
then the first DMA transfer starts in accordance with the 
_ stored parameters. | | | 

In contrast to the array state, the state in which DMA trans- 
fer is made is called the transfer state. In the transfer state, 
the same operations are performed as in normal transfer. At | 
the end of each one-unit transfer, the contents of the trans- 
fer counter are decremented by 1 in 8-bit transfer or by 2 
in 16-bit transfer. Even when the contents of the transfer 
counter are 0, the DMA request flag and DMA permission 
bit are not cleared and the array state of the next block 
occurs. ~. 3 _ 

When the contents of the TBC are 0 at the beginning of the 
array state, the entire transfer operation is considered to be 
completed, and the “L” level is output to the TC pin to clear 
the DMA request flag and DMA permission bit and termi- 
nate array chain transfer. At the same time, the interrupt re- 
quest bit of the DMA interrupt control register is set to sa fa 
In the cycle steal transfer at the array chain transfer mode, 
ie one array state and the transfer cycle of one-unit transfer 
are performed by one DMA request. 

Figure 70 shows the array chain transfer timing diagram. — 
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TCR(M) 

TCR(H) | ] te ape | i to(H) I 
SAR. Source address register sp : Transfer source start address . 
DAR: Destination address register dp: ‘Transfer destination start address 
TCR: Transfer counter register . tc : Number of transfer bytes 


Fig.69 Array state example at 2 bus cycle transfer 
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TP[__sp(L) _})1 word 


* Transfer unit : 16 bits 


* Transfer method : 2 bus cycle 

* Transfer mode : Burst 

* Transfer source address change direction : Forward 

* Transfer destination address change direction : Forward 
«. Transfer source wait : None 

* Transfer destination wait : None 








° ae (destination address register value) : Even number 


Number of transfer block : 2 






) 


_ sp’ : dp’ (L) 
sp (source address register value) : Even number. dp’ (H) 


Transfer parameter memory 
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(4) Link array chain transfer | 

Figure 71 shows the link array chain transfer parameter 
memory configuration. As shown in this figure, not only the 
transfer source start address, transfer destination start 
address, and number of transfer bytes, but also the first 
address of the memory block which contains the next trans- 
fer parameters is stored. In the transfer parameter of the 
last block, set “0O00000,,” as the first address of the next 
transfer parameter. In one bus cycle transfer, the I/O side 
parameters are not needed. 

As is the case with the other types of transfer, the DMAi 
mode register, DMAi control register, and DMAC control 
register must be set up for link array chain transfer pur- 
poses. Into the SAR, write the first address of the memory 
block that stores the parameters for the first transfer. This 
address value is then written into the TPR. Be sure that an 
evennumbered address is designated as the first address. 


Nothing needs to be written in the DAR. Write a numerical 


value other than zero into the TCR. When the DMA permis- 
sion bit is set to “1” after completion of the above setup, 
DMA transfer is enable. 

In link array chain transfer, the transfer parameters are first 
read from the transfer parameter memory and then written 
into the SAR, DAR, and TCR. Further, the first address of 
the memory block that contains the next parameters is writ- 
ten into the TPR. In link array chain transfer, the state so far 
is referred to as the array state. 

The DMA controller sequentially outputs to the address bus 
the addresses of the memory block that stores the transfer 
parameters, beginning with the first address. The read data 
are sequentially stored into the SAR, DAR, and TCR, and 
then the first address of the memory block containing the 
next parameters is written into the TPR. DMA transfer is 
made in accordance with the parameters read from the 
transfer parameter memory. The transfer state is the same 
as in normal transfer. The contents of the TCR are de- 
cremented by 1 or 2 at the end of each one-unit transfer. 
Even when the contents of the TCR are 0, the DMA request 
flag and DMA permission bit are not cleared to “O” but the 
array state starts again. When the contents of the TPR are 0 
at this time, however, the “L” level is output to the TC pin to 
clear the DMA request flag and DMA permission bit and 
terminate link array chain transfer. At the same time, the in- 
terrupt request bit of the DMA interrupt control register is 
set to “1”. :. 


In the cycle steal transfer at the rink array chain transfer — 


mode, one array state and the transfer cycle of one-unit 
transfer are performed by one DMA request. 
Figure 72 shows the link array chain transfer timing dia- 
gram. | | 7 
Note that the following operations cannot be performed in 
array chain transfer or link array chain transfer. ; 
1. A 16-bit transfer operation performed with an external 
width of 8 bits employed and the fixed transfer address 





change direction selected for either the transfer source 
or destination : | 

2. A 16-bit transfer operation performed with an external 
width of 16 bits employed, the fixed transfer address 
change direction selected, and an odd-numbered 
address designated as the first address for either the 
transfer source or destination. 


["~[Wransfer source stan aaaressT 
| [Transter destination tan address 7 
| [Number oftanster byiesT 
|_ [Transfer parameter accross 


= 


Transfer parameter [Transfer source start address 4 
address 4 
Transfer destination start address 4 


Transfer parameters for one block 


Number of transfer bytes 4 
Transfer parameter address 5 





Transfer parameter [Transfer source start address 3 
address 3 
Transfer destination start address 3 


Number of transfer bytes 3 
Transfer parameter address 4 


Transfer parameter Transfer source start address 2_| 
address 2 ae Transfer source start address 2 


Transfer destination start address 2 
{Number of transfer bytes 2 
Transfer parameter address 3 


Fig.7/1 Link array chain transfer mode parameter — 
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. Transfer unit 2 16 bits 






. Transfer method : 2 bus cycle _ dp 
* Transfer mode - Burst. . i se) were 
* Transfer source address change direction - Forward dp(L) 
* Transfer destination address change direction - ‘ Forward dp(H) First block transfer 
* Transfer source wait - ‘None 
| tc(L) 
- Transfer destination wait : None te(H) 
s 3 3 
. as (source address register value) : Even number TP’(L) 
dp’, mae ; Per . TP’(H) 
* gp (destination address register value) : Even number 
sp’ 


* Number of transfer block : 2 






TPL | 
: 


Second block transfer 





Transfer parameter memory 
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DRAM CONTROLLER 

The DRAM controller directly controls the DRAM (dynamic 
random access memory). The DRAM control pins are lo- 
cated at ports P10,/CAS, P10;/RAS, P10¢/MAg, P107/MAg, 
and Ao/MAg through A7/MA7. 

Figure 73 shows the DRAM controller block diagram. Fi- 
gure 74 shows the DRAM control register (address 644) 
bit configuration. Bit 7 of the DRAM control register is a 
DRAM validity bit. When this bit is set to “1”, port P10, 
serves as the CAS (column address strobe) signal output 
pin, port 10, serves as the RAS (Row address strobe) sig- 
nal output pin, port P10, serves as the MAg output pin, and 
P10, serves as the MAg output terminal. Upon resetting, the 
DRAM validity bit is set to “0”. When using the DRAM con- 
troller, be sure to set this bit to “1”. 

Bits 0 through 3 of the DRAM contro! register are the 
DRAM area selection bits. These bits are used to desig- 
nate the DRAM area in 1M-byte units. When the DRAM 
area selection bits (bits 3 through 0) are set to “0000”, the 
DRAM controller concludes that there is no DRAM area. 
This state prevails upon resetting. When the bits are set to 
“0001”, the DRAM area is set to 1M-byte and the system 
automatically judges that the area between addresses 
FO0000,, and FFFFFF,. is provided as the DRAM area. 
When the bits are set to “1111”, the DRAM area is set to 
15M bytes and the DRAM controller automatically con- 
cludes that the area between addresses 100000;, and 
FFFFFF4¢ is the DRAM area. 

When the area to be accessed is judged to the DRAM 
area, the DRAM controller generates timing signals RAS 


~ £(Xin) 
C) 


1/16 


Refresh request 
Bit O~bit 3 
control register 


Address —. 








765432 10 Address 


DRAM control register B46 


DRAM area selection bit 
0000 : No DRAM area 

0001 : FOOOO0OO0~FFFFFF 
0010 : EQ0000~ FFFFFF 
0011 : DO00000~ FFFFFF 


1100 : 400000~FFFFFF 
1101 : 300000~ FFFFFF 
1110 : 200000~ FFFFFF 
1111 : 100000~ FFFFFF 


DRAM validity bit 
0 : Invalid 
1: Valid 


Fig.74 DRAM control register bit configuration . 


and CAS for latching the address in the bus cycle, and out- 
puts addresses Ag through Asp to MAg (Ag pin) through MA7 
(A7 pin), MAs, and MAg by means of time division multi- 
plexing. The time division multiplexing method varies with 
the external bus connection. Table 7 shows the address 
time-division multiplexing DRAM controller for DRAM 
accessing. 

It should also be noted that when the DRAM area is acces- 
sed, the “L” level period of E is increased twofold without 
respect to the contents of the wait bit. This also holds true 
when the DRAM area is accessed by the CPU or DMA 
controller. 


Bus access 


controller 


RAS, CAS 


- generating circuit 


Address comparator 


MAp~MAg 


Address multiplexer" 
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The DRAM controller incorporates an independent 8-bit re- 
fresh timer. The refresh timer is based on decrement count 
and its clock source employs a clock that is derived by di- 


~ viding f(Xiy) by sixteen. The refresh interval can be given 
as desired by writing a value (not “0”) in the refresh timer — 


(address 66,,.). The value must be set in the refresh timer 
before the DRAM validity bit is set to “1”. Generally, the 
value written in the refresh timer is expressed by the fol- 
lowing formula. 


Timer value n=refresh interval [ns] xX (Xin) /16—1 


When the contents of the refresh timer is 00,¢, the refresh 


timer generates the refresh request signal. The refresh re-. 


quest signal sends the bus use request to the bus access 
controller. When the request is accepted, the system stops 
- the CPU and DMA controller and sends the response sig- 
nal to the RAS/CAS generator circuit. The RAS/CAS gener- 
ator circuit generates the refresh cycle. . 
If the CPU or DMA controller is using the data bus, refresh 
cycle generation does not take place even when the re- 
fresh request is made. When a WIT or STP instruction is 
_ executed, the refresh operation is not performed. Figure 75 
shows an example refresh operation that is performed 
when the refresh request is made during DMA transfer. Fi- 
| gure 76 shows an example refresh operation that is per- 
formed when the refresh request is made during CPU op- 
eration (bus accessing) . Both examples represent the 


cases where the response delay time is maximized. Table 

8 shows the delay time that denotes the interval between 
the instant at which the contents of the refresh timer be- . 
come 00, and the instant at which the refresh cycle is in- 

serted. This table indicates the maximum and minimum. 
values prevailing when the RDY input is not provided. If the 

access time is to be increased by RDY input, the time de- 
lay resulting from such an access time increase must be 

added to the maximum values in the table. 


Figure 77 shows the DRAM accessing bus cycle timing dia-_ 
gram. The DRAM controller generates three types of bus 


cycles: read, write, and refresh bus cycles. 

In the read cycle, the RAS pin level falls from “H” to “L’, 

and then the CAS pin level falls from “H” to “L” at the end 

of 1/2 the internal clock cycle ¢. The address bus changes 

from the row address to the column address during the 

time interval between RAS pin level fall and CAS pin level. 
fall. | | 

In the write cycle, the CAS pin level falls one internal clock. 
cycle ¢ after RAS pin level fall. 

In the refresh cycle, the CAS pin level falls 1/2 internal 

clock cycle ¢ earlier than RAS pin level fall. Refresh occurs 

as the CAS. pin level falls earlier than the RAS pin level. 

This method is called the “CAS before RAS refresh 

method”. Be sure that the selected DRAM permits “CAS - 
before RAS refresh”. es : 


Table 7. DRAM accessing address time-division multiplexing method _ 














Regular bus 

DRAM access 
External 8-bit ow address 

Column address 














Row address 








External 16-bit 


Column address 


‘Table 8. Refresh wait time 


Number of delay 


Cause of bus use 


cycles 


~ At 16MHz 

















in _ At 8MHz 








CPU 1.5~6.5 


187.5ns~812.5ns (wait provided) 
[187 hs Spee ote (wait not provided) 





DMA controller 1.5~12.5 


375ns~1625ns (wait provided) 
| 375ns~1125ns (wait not provided) 





187.5ns~ 1562.5ns (wait provided) 


zl 187.5ns~1062.5ns (wait not provided) 


375ns~3125ns (wait provided) 
375ns~2125ns (wait not provided) 





HOLD state 1.5 
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Internal clock i) 
E 
R/W 


Refresh request 


| | | 
| | l | 
; | | i ‘| | | 

Bus request (DRAM) Se a es eee ae 
| . : 
: : | | 
| t 


I | | | 
| | | | 
l ‘| | | | , { 
, | | | 
Bus request sampling | | | | | | | | 
ST1, STO 10( , 00(Refresh) 


Maximum wait time : 12.5 cycle of ¢ | Refresh cycle 








Fig.75 Refresh during DMA transfer 


Internal clock ¢ 





E 


R/W 


Refresh request 
| td) 


| : 
. | 
| 
Bus request (DRAM) Se ie et 
| | | 
| 
| 


| | | 
| | | ns ! 
Bus request sampling if eae ie a rl, Oe ee a ea 
ST1, STO 11(CPU) 00(Refresh) _ | 


Maximum wait time : 6.5 cycle of ¢ | Refresh cycle ; 


J es 





Fig.76 Refresh during CPU operation 
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Internal — - 
clock ¢ ae 
E on ae |. : | | 
RAS | , | | 
CAS | | 

v \/ - y 


(1) Timing diagram at reading 


Internal . 

clock ¢ | | | | | | | 

RAS | | | | . | 

CAS | | | : 
v v v 


mil 


(2) Timing diagram at writing 


| nternal | 


seh “Ey” : 
E 





-RAS | 
CAS | | | 
; ¥ : : : . ; : ; v 
: , : A 





(3) Timing diagram at refreshing 


Fig.77 ‘DRAM access timing diagram 
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REAL-TIME OUTPUT 

The M37720S1FP has a 4-bit, 2-channel real-time output 
function which is shared with port P6 as the output port. As 
with the other ports, the port P6 direction register is in the 
input state after resetting and therefore functions as a regu- 
lar 1/O port. To use the real-time output function, be sure to 
set the port P6 direction register for output. Ports P6, 
through P63 correspond to channel 0, whereas ports 6, 
through 67 correspond to channel 1. , 

Figure 78 shows the real-time output contro! register 
(address 62,,) bit configuration. Bits 0 and 1 are the real- 
time output validity bits for the channels. Bit 0 relates to 
channel 0, and bit 1 relates to channel 1. When the value 
“1” is written in the positions of these bits, the real-time 
output function is enabled. These bits are “O” upon reset- 
ting. 

Figure 80 shows the real-time output block diagram. In the 
real-time output mode, the values written in the pulse out- 
put data register are not output immediately. However, 
such an output is delivered to the pin when timer AO 
(channel 0) or timer A1 (channel 1) underflows. Before 
underflow occurrence, the previously written data are 
output. 

Figure 79 shows the pulse output data register bit con- 
figuration. When the real-time output 0 validity bit is “O”, the 
data written in the port P6 latch (address E,,) is output to 
ports P6, through P63. When the real-time output 0 validity 
bit is “1”, the values written in the bit 0 to bit 3 positions of 
pulse output data register 0 (address 1A;,) are output to 
ports P6) (RTPO,) through P63; (RTPO3), respectively. 

When the real-time output 1 validity bit is “0”, the values 
written for bits 4 through 7 of the port P6 latch (address 
Eye) are output to ports P64 through P6,, respectively. 
When the real-time output 1 validity bit is “1”, on the other 
hand, the values written in pulse output data register 1 
(address 1Cj,) are output to ports P6, (RTP1,) through P6, 
(RTP,3). 


Port latch 


Pulse output data register i 


Timer Ai(i=0, 1) 
underflow signal 





Fig.80 Real-time output block. diagram 


Address 
6216 


Real-time output control register 


Real-time output 0 validity bit 
0 : Invalid 

1: Valid 

Real-time output 1 validity bit 
0 : Invalid 

1 ° Valid 





Fig.78 Real-time output control register bit configuration 






Address 
1Ai6 











Pulse output data register 0 





RTPO, output data 
0 : “L” level output 
1 : “H” level output 
RTPO, output data 

0 :“L” level output 
1 : “H” level output 
RTPO, output data 

0 :“L” level output 
1 : “H” level output 
RTPO; output data 
0 : “L” level output 
1 : “H” level output 

























0 Address 
1Ci6 |. 





76 5 4 3 2 1 






Pulse output data register 1 





RTP1, output data 
0 : “L” level output 
1 : “H” level output 
RTP1, output data 

0 : “L” level output 
1 : “H” level output 
RTP1. output data 

0 : “L” level output 
1 ‘| “H” level output 
‘RTP1, output data 

0 : “L” level output 
1. “H” level output 















Fig.79 Pulse output data register bit configuration 


! | 
Real-time output i Output buffer 


validity bit 
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WATCHDOG TIMER 

The watchdog timer is used to detect unexpected execu- 
‘tion sequence caused by software run-away. Figure 81 
-shows a block diagram of the watchdog timer. 

The watchdog timer consists of a 12-bit binary counter. 


The watchdog timer counts the clock frequency divided by | 


32 (fs2) or by 512 (fs;2). Whether to count fas or fs42 is de- 
termined by the watchdog timer frequency selection flag 
shown in Figure 82. f5;2 is selected when the flag is “O” and 


fg2 is selected when it is “1”. The flag is cleared after reset. 


FFFi¢ is set in the watchdog timer when “L” or 2Vcc is ap- 
plied to the RESET pin, STP instruction is executed, data is 
written to the watchdog timer, or the most significant bit of 
the watchdog timer become “0”. 


After FFF, is set in the watchdog timer, the contents of 


watchdog timer is decremented by one at every cycle of 
selected frequency f3. or fs5;2, and after 2048 counts, the 
most significant bit of watchdog timer become “OQ”, and a 
watchdog timer interrupt request ole is ao and FFF., is 
preset in the watchdog timer. 

Normally, a program is written so that data is written in the 
watchdog timer before the most significant bit of the watch- 
dog timer become “0”. If this routine is not executed due to 
unexpected program execution, the most significant bit of 
the watchdog timer become eventually “0” and an interrupt 
is generated. . . 
The processor can be reset by setting the bit 3 (software 
reset bit) of processor mode register described in Figure 
10 in the interrupt section and generating a reset pulse. 
The watchdog timer stops its function when the RESET pin 
voltage is raised to double the Voc voltage. 

The watchdog timer can also be used to recover from when 
the clock is stopped by the STP instruction. Refer to the 
section on clock generation circuit for more details. 

The watchdog timer is also in the hold state during hold, 
DMA transfer, or refresh. Therefore, the input to the watch- 
dog timer is prohibited. | 








Watchdog timer frequency selection _ 
(connection forced to fs2 during STP instruction execution) 


Watchdog timer 


(Address 60.) 


STP instruction 


Fig.81 Watchdog timer block diagram 


Address 
61 16 


S| Watchdog timer frequency 
L selection flag 


0 : Select fsi2_ 
1 : Select fs 


Fig.82 Watchdog timer frequency selection flag 
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RESET CIRCUIT 

Reset occurs when the RESET pin is returned to “H” level 
after holding it at “L” level when the power voltage is at 5V 
+10%. Program execution starts at the address formed by 
setting the address pins Ao3~ Aig to 0016, Ais ~~ Ag to the 


9} 0} 0] ox) 





x 


». 


Port P4 data direction register  (0C4,)--° 


2) Port P5 data direction register  (ODi6)-*- 0046 
3) Port P6 data direction register  (104,):": 0016 
4) Port P7 data direction register (1146) °" 0016 
Port P8 data direction register (1416)°-- 
6) Port P9 data direction register (1546): 
7) Port P10 data direction register (1816)-"- 
8) A-D control register (1Ey6)*" /o}o}o|o]?] 2/2] 
) 


DODO | 


A-D sweep pin selection register (1F16)-*: 


— 
=S 


UARTO Transmit/Receive mode register (3016)°*° 


— 
— 
—_ 


' UART1 Transmit/Receive mode register (3816)-"° 0016 
UARTO Transmit/Receive control registerOQ  (3416)-"° DXDX)X| 1 [of 0. 


UART1 Transmit/Receive control register 0 (3C46)°"" XXPXTX} 1} 0[ 0. 
o}olojojo)+ 


— 
— 


— 
w& 


Een 


—_ 
_ 


UARTO Transmit/Receive control register1  (3546)-*° 





(15) UART1 Transmit/Receive control register t  (3Di6)-*" 'o[o/o/0}0]0} 1/0] 
(16) Count start flag (4046)°°° 
(17) One-shot start flag (4216) XXX 0} 0] 0] 0] 0] 
(18) Up-down flag (4416)--- 
(19) Timer AO mode register (5616)°"° | 
(20) Timer A1 mode register (5716)°"° 
@1) Timer A2 mode register (586) , 00:6 | 
(2) Timer A3 mode register (5916) °° 
(3) Timer A4 mode register (5Ai6)**" 
(24) Timer BO mode register (5Big)**: 0} 0/1/X}o|olo}o 
@5) Timer B1 mode register (5Ci6)**° folo}1|Xjo}ojolo 
26) Timer B2 mode register — (5Dy6)° folol1)xlofolofo 
(7) Processor mode register (SE16)°*° ‘ojojojolofol1fo 
(28) Watchdog timer (6016)°"° 
(29) Watchdog timer frequency selection flag (614) -*" DPX DXDXIXDX] 0. 


BS 
S 


Real-time output control register (626)::: XD DX) X 1X] 0 | 
DRAM control register (6446)°"* IX)X] 0| 0| | 


eles 
ye 
eS 
> 
[2 jlo |e | 


_ 
aw 
— 


(32) DMAC control register L (6816)-" [o/o}o}o]X)X} 0] 
f) DMAC control register H (6916)°"° 0046 


BS 
= 


‘DMAO interrupt control register (6Cy6)°*- XIXPXDX| of 0 | 0 
’DMAT interrupt control register (6D4.6)-:: » MK X)X/ 0/0 fo. 
DMA2 interrupt control register (6Ei6)--° XXX! 0 | 0] 0| 


DMAS interrupt control register (6Fi¢)-: MI X)X)X] 0 | 0] 0 0 


Fig.83 Microcomputer internal status during reset 


> 
S 
fo |i | 


a Ka) 


a 
— 


[2 


contents of address FFFF1.¢, and A7~ Ag to the contents of 
address FFFE4g. | 

Figure 83 shows the status of the internal registers when a 
reset occurs. 


(zx) 
oo. 


70x) DXYXX/ 0 [0 [0] 
(39) UART 0 transmission interrupt control register (7146)-°° XXX} 0 | 0 | 0 | 
720) DXYXX/ 9] 0 [0] 
XDD 0/0 | 0} 
DX 9 [0 
7610) DUXXX 019 
76x0) DY 
Ye 
). 


(38) A-D conversion interrupt control register 


cS 
eS 


UARTO receive interrupt control register 


fe jlo |e [Le | 


UARTI transmission interrupt control register (73, 


fo) 


~_— 
c-'’ 
— 
5 


— 
ro 


for) 


SIS 
ele 


cs 
w 


Timer AO interrupt control register 


os 
_ 


( 
( 
( 
( 
UART1 receive interrupt control register (74, 
( 
Timer A1 interrupt control register ( 
( 


XX 0] 0 
Timer A3 interrupt control register (7816)°*° XX] 
Timer A4 interrupt control register (7916) °° XXX] 0 [0 | 0. 


IK 
Bie 


c— 
on 


Timer A2 interrupt control register 7146 








—_ 
= 


os 
=. 


PIS 
: 
els 
































(48) Timer BO interrupt control register (7Ai6) °° XIXDX)X| 0] 0 0} 0| 
(49) Timer B1 interrupt control register (7Big) XX) X)X| 0| 0 | 0} 0| 
(60) Timer B2 interrupt control register (7Cy6)°** XIXIXPX{ 0} 0 0] 0. 
(51) INTo interrupt control register (7Di6)**° XX 0/0} 0/0} 0] 0| 
(52) INT, interrupt control register (7Eie)*° X}x}o} 0] 0} 0} 0} 0 
(53) INT, interrupt control register (7Fi6)°*° X)x{ of 0/0/ 0] 0] o| 
(54) DMAO mode register L (1FCC46):* 
(55) DMAO mode register H (1FCD 16)“ 
66) DMAO control register (1FCE ye) X}X[ 0] 0/0] 0/0] 0] 
(67) DMA1 mode register L (1FDC46):"" 
(58) DMA1 mode register H (1FDD 6)": | 0046 | 
(9) DMA control register — (1FDEy6):-: XX 0[0/ oo] o/o! 
(60) DMA2 mode register L (1FECi6)- [Oe t~*d 
61) DMA2 mode register H (1FED1 6)" [| 
62) DMA2 control register (1FEE,6)*" 
(3) DMA3 mode register L (1FFC 46): | Oe 
(64) DMA3 mode register H (1FFD16)*"" | Oe SC 
(65) DMA3 control register — (AFFEyg) = 
(66) Processor status register PS fo] o}o|?| ? | 0;/0/0/1)? ?| 








ii 


(— 5) 


|_| 


7) Program bank register PG - 0016 





oa 
ee 


Program counter PC, Contents of address FFFF1¢ 


a 
A 





Program counter PC. Contents of address FFFE1, 





=a 
S 


Deets 


Direct page register DPR : ~ 0000,, 





= 
— 
_— 


| 


Data bank register DT 0046 





Contents of other registers and RAM are not initialized and should be in- 
itialized by software. 


suas s 
| fees | ates 
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Figure 84 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.9V or lower when the paws! vol- 
tage reaches 4.5V. 


ia 


M37720S1 FP 


Fig.84 Example of a reset circuit (perform careful 
evaluation at the system design before using) 





INPUT/OUTPUT PINS : 
Ports P10 to P4 all have a data direction register and each : 
bit can be programmed for input or output. A pin becomes 
an output pin when the corresponding data direction regis- 
ter is set and an input pin when it is cleared. 

When. pin programmed for output, the data is written to the 
port latch and it is output to. the output pin. When a pin is 
programmed for output, the contents of the port latch is 
read instead of the value of the pin. Therefore, a previously 
output value can be read correctly even when the output 
“L” voltage is raised due to reasons such as directly driving 
an LED. 

A pin programmed for input is floating and the value input 
to the pin can be read. When a pin is programmed for in- 
put, the data is written only in the port latch and the pin 
stays floating. 

If an input/output pin is not used as an output port, clear 
the bit of the corresponding data direction register so that 
the pin become input mode. 

Figure 85 presents the port P10 to pon P4 block diagrams 
and E pin output format. 

In the evaluation chip mode, port P4 is also used as the 
control signal terminal. Refer to the section on evaluation 
chip mode for more details. 
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° Ports P83, P87, P9g, P94, P92, P90, P107, P106, P105, P10, (Inside dotted-line not included) 
Ports P54, P52, P59( Inside dotted-line included) * Ports P85, P84, P8;, P8o 


% . -O 
Direction register 


ee 
oe ee 
Ree os 















Data bus 





; 
Pameeene’ | 
irae: 






Ports P4ag~P43 (Inside dotted-line not included) * Port P10, 
Ports P47, P57, P5g, P55, P53, P51, P86, P82, P97, P95, 
P93, P91, P102, P101, P10 (Inside dotted-line included, 


but P82 and P8, are without 
hysterisis) 
-anee 
Ore oe 
(Rosenman Y 
ae: 





Direction register 







Data bus Data bus 


* Ports P6,~P6, ED 


Data bus 


. Timer ; 
underflow signal’ 


* Ports P7g~P7 (Inside dotted-line not included) 
Port P77 (Inside dotted-line included) — 


A Direction register 
(jp eevenea 
pt Ratan 











Data bus 
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PROCESSOR MODE 

Either the microprocessor mode or evaluation chip mode i is 
_ selected in accordance with the contents of bit 0 of the 
processor mode register shown in Figure 86. Bit 1 must al- 
ways be set to 1. 

Figure 87 shows the port P4, A;/MAz to Ao/MAo, Ai5/Dis5 to 
Ag/Dg, Az3/D7 to Ay6/Do, R/W, BHE, BLE, ALE,:RDY, HOLD, 
and ¢, functions in the two different processor modes. 

The external memory area varies with the mode. Figure 88 





presents the memory map in each processor mode. When 


the external memory is to be accessed, it is influenced by 
the BYTE pin and processor mode register bit 2 (wait bit) 
as explained below. . 


Processor mode register 


BYTE pin 
When accessing the external memory, the level of the 
BYTE pin is used to determine whether to use the data bus 


as 8-bit width or 16-bit width. 
The data bus width is 8 bits when the level of the BYTE pin 


is “Hy”. 
The data bus width is 16 bits wach the level of the BYTE 


pin is “L”. 


When accessing the. internal memory, the data bus width is 


always 16 bits eperdlese of the BYTE pin level. 


Address 
SE16 


Processor mode bit 
0 : Microprocessor mode 
1 : Evaluation chip mode 


Wait bit 
0 : Wait 


1 : No wait 


Software reset bit . 
Reset occurs when this. bit is set to “1” 


Interrupt priority resolusion time selection bit 
~ 00 : Select 1/f(Xin) X14 

01 : Select 1/f(Xin) X8 

10 : Select 1/f(Xin) X4 


Test mode bit 


This bit must be “0” 


Stack bank selection bit 


. 0 : Bank O16 
_1.: Bank FFi¢ | 


Fig.86 “Processor mode register bit configuration 
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Citgo enmacewar Sucmanceiecs gaxemenrsntne amon 


. E as Se as : 
Access except DRAM Same as left 
. Address A7~Apo 
Access DRAM A7/MA, Same as left 
Row) (Column 
. si Adress Ag~A ane 
BYTE=“H” ~A;/Ds ial ~Ais/Di5 ress a : 
odd 

















A7/MA; 
~Ao/MAg 






E Ln 
E Ais~Ag | | 
BYTE=“L” Same as left 
(AacressX Data) | 
odd). 


Port P4, P5 and their direction registers are 
treated as 16-bit bus width. 


BYTE=“L” Same as left 
(even) 


BYTE=“H” E Aos~Are | | ET A~Ae | | 
(hicronX oat) (asreesX Ga 


(even, odd) (even, odd) 


Same as for Ays5/Dis~Ag/Dg 


Same as left 


P4, 
_~P4, Input/output port 


Fig.87 Processor mode and ports P4, A7/MA7™Ao/MAg, Ais/Dis~As/Dsg, Ao3/D7~ Ai6/Do; and ALE, R/W, BH E. BLE, 
RDY, HOLD, ¢1 functions 
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Wait bit 

As shown in Figure 89, when the external memory area is 
accessed with the processor mode register bit 2 (wait bit) 
cleared to “0”, the “L” width of E signal is becomes twice 
compared with no wait (the wait bit is at. The wait bit is 
cleared during reset. | 7 


When the CPU is operating, the accessing of internal mem- 
ory area is potionmed in no wait mode regardless of the 


wait bit. 
The processor modes are described below. 


Evaluation chip 
mode 


Microprocessor 


FFFFFFi¢ 
The shaded area is the exiemal memory area. 


.Fig.88 External memory area for each processor mode 


Internal clock ¢ 


CTLOFLT LS LP Lys L71 
(Yeux _Xba0 


Ay/DL . 
8 Address Address 


Wait bit “1” < £ 


(xX _bata_X_X data 


Address Address 


Wait bit “0” 


‘Fig.89 Relationship between wait bit and access time 








(1) Microprocessor mode [0] 
When the system is reset with the CNVsg pin connected to. 
Vss or Voc, this mode is selected. : 
Ports A;s5/D,5 through As/Dg may be in either of the isiiowe 


_ ing two conditions depending on the BYTE pin level. 
When the BYTE pin level is “L”, the ports serve 


as the address output terminals while E is at the “H” level 
ees 7 go St — 
as the odd-numbered address data 1/0 terminals while E 
is at the “L” level. | 
However, if the internal memory area is read, external data 
is ignored from outside while E is at the “L” level: 
When the BYTE pin level is “H”, the ports serve as the 
address output terminals. 
Ports Ay3/D7 through A¢/Dp may be in either of the follow- 
ing two conditions depending on the BYTE pin level. 
When the BYTE pin level is “L”, the ports serve — | 
as the address output terminals while E is at the “H” level 
as the even-numbered address data I/O terminals while 
E is at the “L” level. — | 
However, if the internal memory area is read, external data - 
is ignored from outside while E is at the “L” level. 
When the BYTE pin level is “H”, the ports serve 
as the address output terminals while E is at the “H” level 
or - 
as the even- and odd-numbered data I/O terminals while’ 
E is at the “L” level. ) 
However, if the internal memory area is read, external data 
is ignored from outside while E is at the “L” level. 
R/W is the read/write signal. It performs a read operation 
when it is at the “H” level or a write operation when it is at 
the “L” level. 
BHE is the byte high enable signal. When it is at the “L” 
level, it indicates that an odd-numbered address is being 
accessed. BLE is the byte low enable signal. When it is at 
the “L” level, it indicates that a even-numbered address is - 


being accessed. Therefore, if BLE is at the “L” level and 
BHE is at the “L” level, it means that two bytes at an odd- 


numbered address and an even-numbered address are 
being accessed simultaneously. | | | 

ALE is the address latch enable signal. It is used for latch- 
ing the address signal from a multiplexed signal containing 
addresses and data. When ALE is at the “H” level, the latch 
opens to pass’ off the address signal. When ALE is at the 
“L” level, it retains the address signal. | 

HOLD is the hold request signal. It is an input signal used | 





to hold the microcomputer. HOLD input is accepted when 


the internal clock ¢ falls from “H” level to “L” level while 
the bus is not used. ST1 and STO notify externally when 
microcomputer enters into hold state. In the. hold state, ST1 
=0, STO=1 and A7/MA; through Ao/MAo, A1s5/Dis 5 through 





As/Ds, Az3/D7 through Ai6/Do, R/W, BHE, and BLE are 


floating. These ports are neanne after one cycle of ine in- 
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ternal clock ¢ later than the status signal changes to [ST1 
=0, STO=1] . At the removing of hold state, these ports 
are removed from floating state after one cycle of internal 
clock ¢ later than the status signal changes to the value ex- 
cept [ST1=0, STO=1] . 

RDY is the ready signal. When it is at the “L” level, the in- 
ternal clock ¢ stops at the “L” level. The instruction execu- 
tion of CPU and the bus access of the bus interface unit 
are also stopped. The clock ¢; output is continued. RDY is 
used When a slow external memory is installed. 


(2) Evaluation chip mode [1] 
The evaluation chip mode prevails when the CNVsg pin is 
connected to 2Vcc. This mode is usually used for evaluation 
equipment. — 
A7;/MAz to Ao/MAo, ALE, BHE, BLE, R/W, RDY, HOLD, and 
¢, perform the same operations as in the microprocessor 
mode. 
Ports Ays5/Di5 through Ag/Dg function irrespective of the 
BYTE pin level. They serve 
as the address output terminals while E is at the “H” level 
or . 
as the odd-numbered address data I/O terminals while E 
is at the “L” level. 
However, if the internal memory area is read, external data 
is ignored from outside while E is at the “L” level. 
_ When the BYTE pin level is “L”, ports Ag3/D7 through Aj46/ 
Do serve 
as the address output terminals while E is at the “H” level 
or | | 
as the even-numbered address data I/O terminals while 
E is at the “L” level. 
However, if the internal memory area is read, external data 
is ignored from outside while E is at the “L” level. 
When the BYTE pin level is “H”, on the other hand, ports 
' Ag3/D7 through A;g/Do serve 
as the address output terminals while E is at the “H” level 
or | 
as the even- and odd-numbered address data |/O ter- 
minals while E is at the “L” level. | 
However, if the internal memory area is read, external data 
_ is ignored from outside while E is at the “L” level. 
Port P4, port P5, port P4 and port P5 direction register must 
be accessed in 8-bit unit. 
The ‘port P4 and its direction register 
(addresses OAig and 0C,,) are treated special in the eva- 
luation chip mode. When these addresses are accessed, 
the data bus width is considered to be 16 bits without re- 
gard to the BYTE pin level. Further, the access cycle is tre- 
ated as the internal memory without regard to the wait bit. 
Ports P4, through P4, serve as the MX, QCL, VDA, and 
VPA output terminals, respectively. Port P4; serves as the 
DBC input terminal. — 
The MX signal usually carries the contents of flag m. When 


addresses. 


the CPU uses flag x, however, the MX signal carries the 
contents of flag x. a 
QCL is the queue buffer clear signal. It goes High when 
the command queue buffer is to be cleared as a command 
code previously entered in the command queue buffer can- 
not be used because of jump or other command execution. 
VDA is the valid data address signal. It is at the “H” level 
while the CPU reads data from or writes data into the data 
buffer. It also goes High when. the command first byte (the 
operation code) is read from the queue buffer. 

VPA is the valid program address signal. It is High while 
the CPU reads a command code from the command queue 
buffer. | 
DBC is the debug control signal which is used for debug- 
ging. 

Table 9 summarizes the relationship between the CNVgz 
pin input level and processor mode. 


Table 9. Relationship between the CNVsgg pin input 
levels and processor modes 







Description 





Microprocessor mode upon 
starting after reset. Evaluation 
chip mode can be selected 
by changing the processor 
mode bit by software. 
Evaluation chip mode only 
















¢ Evaluation chip 





AA 
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CLOCK GENERATING CIRCUIT 

Figure 90 shows a block diagram of the clock generator. 
When a STP instruction is executed, the internal clock ¢ 
stops oscillating at “L” level. At the same time, FFF,. is 
written to watchdog timer and the watchdog timer input 
connection is forced to fz2. This connection is broken and 
connected to the input determined by the watchdog timer 
frequency selection flag when the most significant bit of the 
watchdog timer is cleared or reset. 
Oscillation restarts when an interrupt is received, but the 
internal clock ¢ remains at “L” level until the most signifi- 
cant bit of the watchdog timer is cleared. This is to avoid 
the unstable interval at the start of oscillation when using a 
ceramic resonator. When a WIT instruction is executed, the 
internal clock ¢stops at “L” level, but the oscillator does 
not stop. The clock is restarted when an interrupt is re- 
ceived. Instructions can be executed immediately because 
_ the oscillator is not stopped. 

The stop or wait state is released when an interrupt is re-. 
ceived or when reset is issued. Therefore, interrupts must 
be enabled before executing a STP or WIT instruction. 
Figure 91 shows a circuit example using a ceramic (or 
quartz crystal) resonator. Use the manufacturer's recom- 
mended values for constants such as capacitance which 
differ for each resonator. Figure 92 shows an example of 
using an external clock signal. 


Interrupt request 


STP instruction 


Fig.91 





M37720S1FP - 


Circuit using a ceramic resonator 


M37720S1FP 


External clock source 


Vec 
Vss 





JUUU 


Fig.92 External clock input circuit 


Internal clock ¢ 
CPU, DMAC, Peet 


fie 


R STP instruction 


=O : 
0 Watchdog 
0 timer 


DEH He Hee 


Clock ¢, output 


Xin Xout 


Fig.90 Block diagram of a clock generator 
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ADDRESSING MODES 

The M37720S1FP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
‘the details of each addressing mode. | 


MACHINE INSTRUCTION LIST 
The M37720S1FP has 103 machine instructions. Refer to 
the MELPS 7700 machine instruction list for details. 
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ABSOLUTE MAXIMUM RATINGS 


Analog supply voltage . | 

Input voltage RESET, CNVs, BYTE : | 

Input voltage As/Dg~Ais/D4s, Ate/Do~Az3/D7z, P43~P4z, | | a | 

 P5p~P5z, P6y~P67, P7>~P77, P8y~P8;, ) —0.3~Veco+0. 3 

P9g~P97, P10p~P107, RDY, HOLD, Xin, Veer | 

Output voltage Ap/MAg~A7/MAz, Ag/Dg~A15/Dis, 
Aie/Do™Ao3/D7, P4,~ P4,, P5o~ P57, 
P69~P67, P7>~P77, P8>~P87, P9o~P9, —0.3~Voo+0. 3 
P109~P107, ¢1, RESETourt, Xour, E, STO, 
ST1, ALE, BLE, BHE, R/W 

Power dissipation 


| Operating temperature 






































Storage temperature 


Limits 





Parameter 
Min. Typ. 


Supply voltage 4.5 5.0 5.5 
Analog supply voltage : Veco 
Supply voltage . aye 0 ie 
Analog supply voltage 
High-level input voltage P43;~P47, P59~P57, P69~ P67, 
P79>~P77, P89 ~P87, P99~ P97, 
P10y~P107, RDY, HOLD, BYTE, 
CNVss, Xin, Vrer 
High-| -level input voltage Ag/Dg~Aj5/D15, Aie/Do~Aza/D7 _|0. 
Low-level input voltage P43~P47, PS5g~P57, P6p~.P67, 
P7p>~P77, P8g9~P87, P99~ P97, 
P10o~P107, RDY, HOLD, BYTE, 
CNVss, Xin, Vrer 
ow-level input voltage Ag/Dg~Aj5/D15, A1e/Do™Az23/D7 












































PG 
~~ High-level peak output current Ao/MAy~Ar/MAr, Ae/Ds~Ars/Dis, 
A16/Do~Azg/D7, P4g~P47, Pp~P5z, 
P69~P67, P7p>~P77, P89~P87, 
P9g~P97, P109~P107, $4, 
RESETour, STO, ST1, ALE, BLE, 
BHE, R/W 
High-level average output current Ag/MAg~A7/MAz, Ag/Dg~A15/D45, 
A6/Do~Aga/D7, P4g~P47, Pig~P5z, 
lon(avg) | _ P6y~P67, P7p~P77, P8y~P87, PAg~P97, 
P109~P107, $1, RESETour, STO, ST1, 
Zz ALE, BLE, BHE, R/W 
Low-level peak output current Ag/MAg~A7/MAz, Ag/Dg~Ars/Dis, 
Aie/Do~Azg/D7, P4g~P47, P5g~P5z, 
lo(peak) | ‘P6y~P67, P7>~P77, P8g~P87, P9p~P97, 
P109~P107, 44, RESETour, STO, STI, 
ALE, BLE, BHE, R/W 
Low-level average output current Ag/MAg~A7/MAz, Ag/Dg~A15/D1 5; 
Ay6/Do~Azg/D7, P4g~P47, P5p~P5z, 
lot(avg) : P69~P67, P7>~P77, P8g~P87, 
| | _ PQ9~P97, P10o~P107, 1, RESETour, 
Tes STO, ST1, ALE, BLE, BHE, R/W 
M37720S1FP 
M37720S1AFP 








loH( peak) 



































f(Xin) External clock frequency input 














Note 1. Average output current is the average value of a 100ms interval. 
2. The sum of lo.(peak) for ports P8, P9, Ap/MAg~A7/MAz, Ag/Da~Ais/D1s, Are/Do~Azs/Dr, STO, ST1, 
ALE, BLE, BHE and R/W must be 80mA or less, the sum of n_of lon(peak) for ports P8, P9, Ap/MAg~A;/ 
MA;, As/Dg~Ais/Di5, A1¢/Do~ Aoa/Dr, STO, ST1, ALE, BLE, BHE and R/W must be 80mA or less, 
the sum of lo. (peak) for ports P4, P5, P6, P7, P10 and ¢, must be 80mA or less, the sum of 
lon(peak) for ports: P4, P5,. P6, P7, P10 and ¢, must be 80mA or less. : 
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M37720S1FP 
ELECTRICAL CHARACTERISTICS (Vcc=5v, Ves=0V, Ta=25C, f(Xin) =8MHz, unless otherwise noted) 


, 
ee 
High-level output voltage Ag/MAg~A7/MAz7, Ag/Dg~Ay5/D15, 
~ Aye/Do~Az3/D7, P43~ P47, 
P5o~P5z7, P6y~P67, P7o~P77, 
P89~P87, P99~P97, P109~P107, 
Vou Aie/Do~ Az3/Dz, MAg, MAg, RAS, 
CAS, $1, STO, ST1, BLE, BHE, R/W 
, 
; = ica 


$4, RESEToyz, STO, ST1, ALE, BLE, 
BHE, R/W 
High-level output voltage Ag/MAg~A7/MAz7, As/Dg~Ai5/D15, 
Low-level output voltage A g/MAo~A7/MAz, Ag/Dg~Ai5/D15, 
Aie/Do™A23/D7, P43~P47, Pig~P57, 
P69~ P67, P79~P77, P8o~P87, 
































lon= —400uA 





od 


WwW 
—_ 





| oe 























nm 
< < < 






V lop =10mA 
Or PQ5~P97, P109>~P107, $4, 
RESETour, STO, ST1, ALE, BLE, 
BHE, R/W 
Low-level output voltage Ag/MAg~A7/MA7, Ag/Dg~A15/D15, 
A1¢/Do~Az3/D7, MAs, MAg, RAS, 
Voc 16/0 23/ V7 \8 9 lo. =2mA 






oe ¢,, STO, ST1, BLE, BHE, 


loL=10mA 

Low-level output voltage ALE 
lol =2mA 
loc =10mA 
Low-level output voltage E 
loL=2mA 


INTo~INTo, ADrtrc, CTS, CTS), CLKo, CLK, 
DMAREQO~DMAREQ3, TGC 












4 








oO j=) 
—_ e om . 
s s bh 
MD); Ww; oO o 












ad 
oi — 











= 
w 
< 







High-level input current Ag/Ds~Asc/Dac. Aie/Do~Ao3/D7, 
P4;~ P47, P5p~ P57, P69~ P67, 
P79~P77, P89~ P87, P99~ P97, 
P109~P107, RDY, HOLD, BYTE, - 
CNVss, Xin, RESET 
Low-level input current Ag/Dg~Aj5/D15, Aig/Do~Ao3/D7, 
P43~P47, P5p~P57, P6p~ P67, 
P7o~P77, P89~P87, P90~P97, 
P109~P107, RDY, HOLD, BYTE, 
CNVsg, Xin, RESET 
































RAM hold voltage 


i : 
oO 

is 

< i 


‘| When clock is stopped ae 





f(Xiy) =8MHz square waveform - 


Ta=25C when clock is stopped rl 


Ta=85C when clock is stopped 


on 
g 
> 





Power supply current 
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ELECTRICAL CHARACTERISTICS (Voc=5v, Vss=0V, Ta=25°, £(Xin) = 16MHz) 





Symbol 2 Parameter . Test conditions 





High-level output voltage Ag/MAg~A7/MAz, Ag/Dg~Ai5/Di5, ‘ 
| Aig/Do~Ao3/D7, P43~P4z, : 
~ P5p~P57, P6g~P67, P7p~P77, 
 P8y~P87, P99~P97, P109~P10,, 
$1, RESETour, STO, ST1, ALE, BLE, 
| BHE, R/W 

High-level output voltage Ao/MAp~A7/MAz, Ag/Ds~Ai5/Di5, 
. Aye/Do~Az3/D7, MAg, MAg, RAS, | lon=—400uA 
CAS, ¢1, STO, ST1, BLE, BHE, R/W | 
| ton=—10maA 
| lon=— 400A 


lox= —| OmA 


cael Ser 














High-level output voltage ALE 





—— 


’ aie lon=——10mA 
High-level output voltage E 


| ton==— 400A 











Low-level output voltage Ao/MAg~A7/MAz, Ag/Dg~A45/D45, 
A1g/Do~Az9/D7, P43~P47, P5o~P5z, 
P6y~P67, P77>~P77, P8o>~P8z, 
P99~P97, P10o~P107, $4, 
RESETour, STO, ST1, ALE, BLE, 
BHE, R/W — | 
Low-level output voltage Ag/MAg~A7/MAz, Ag/Dg~ A15/Di45, 
| ~ Aig/Do~An3/D7, MAg,-MAg, RAS, 
~ CAS, ¢1, STO, ST1, BLE, BHE, 
silt R/W . Al 
. | lop=10MA | 





lop =10mA 





lop s2mA 








VoL Low-level output voltage ALE 


oe Ws 


. “i lop=2mA 





lop =10mA 


lop =2mA 
+ 





Vor | Low-level output voltage E 





vo Senne See 

Hysteresis RDY, HOLD, TA2jy~TA4in, TBO, TB1n, 
Vy+7Vr— INTo~INTo, ADtre; CTSo, CTS), CLKo, CLK, 
DMAREQO~DMAREQ3, TC [ 























Vr+-—7Vr— [ Hysteresis RESET . 
’ Vr4—-V+— | Hysteresis Xin 
= High-level input current As/Dg~A45/Di5, Aig/Do~Ao3/D7, 
P43,~P4,, P59~ P57, P6~P6,, ; 
he | | P7)~P77, P8y~P87, P9p~P9r, Vi=5V 
/ P10o~P107, RDY, HOLD, BYTE, | 
CNVss, Xin, RESET 
Low-level input current Ag/Ds~A15/D1s, A1e/Do~Az3/Dz, 
P43~P47, P5p~P57, P6y~P6z, 
~ P79~P77, P8y>~P87, P9o~ P97, V.=0V 
P109~P107, RDY, HOLD, BYTE, 
L_ CNVs¢s, XIN, RESET ; S 
RAM-hold voltage. , When clock is stopped oe t 
: i 
| 














T 

















; | {(Xin)=16MHz_ square waveform 








| Power supply current , Cs - — Ta=25C when clock is stopped 











_| Ta=85°C when clock is stopped eee: 
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A-D CONVERTER CHARACTERISTICS (vVcc=5v, Vss=0V, Ta=25€, unless otherwise noted) 
| 
Parameter 


Absolute accuracy 


Ladder resistance 
Conversion time 
Reference voltage 
Analog input voitage 


TIMING REQUIREMENTS (Vcc=5V+10%, Vss=0V, Ta=25, unless otherwise noted) 
External clock input 


Symbol Parameter 


External clock input cycle time 
tr 





External clock input high-level pulse width 
External clock input low-level pulse width 
lt | External clock input rise time 

External clock input fall time 





Microprocessor mode 


| . Limits 
Symbol | Parameter _ 16MHz Unit 


Port P4 input setup time 



















7 


{NIN YD 
oO;}o;}o 
O1o}o 


ee ee ee | — 
. oO;O;O!/]O fan) 
o1; on O;O;O;O Oo 


E) 
200 
200 
Port P9 input setup time | 200 
Port P10 input setup time : 200 


Port P4 input hold time 

Port P5 input hold time 

Port P6 input hold time 

Port P7 input hold time 

Port P8 input hold time 

Port P9 input hold time 

| Port P10 input hold time 

Data high-order input setup time 
Data low-order input setup time 
RDY input setup time 

HOLD input setup time. 
Data high-order input hold time 
Data low-order input hold time 
‘RDY input hold time 

HOLD input hold time 














SINS | OQ | ® ; 
Oj;/O}0/]/O oO O;O}o 
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Timer A input (count input in event counter mode) 






Limits 





Symbol = Parameter 


: TAjn input cycle time 7 = 
TAjin input high-level pulse width aoe 
TAjin’ input low-level pulse. width e 


Timer A input (gating input in timer mode) 


Symbol Parameter 


TAjiy input cycle time 
TAjiy input high-level pulse width 
TAjin input low-level pulse width — . 








Timer A input (external trigger input in one-shot pulse mode) - 








Symbol Parameter 





tc( TA) TAjin input cycle time 





twi(taH) TAjin input high-level pulse width 


TAjin input low-level pulse width 250: 





Timer A input (external trigger input in pulse width modulation mode) 


~ Symbol 


TAjin input high-level pulse width | [250 | 
| TAjwn input low-level pulse width | | | 250 f°. 








Parameter 


Timer A input (Up-down input in event counter mode) 





Parameter 


TAjour input cycle time 
TAjour input high-level pulse width | | | 2500 _|1250 





TAjour input low-level pulse width 
TAjour input setup time 
TAjour input hold time | 





2-168 | “4 AZ MITSUBISHI _ 


MITSUBISHI MICROCOMPUTERS 


M37720S1FP,M37720S1AFP 


16-BIT CMOS MICROCOMPUTER 





Timer B input (count input in event counter mode) 


_ Symbol ; | Parameter 16MHz 


TBjin input cycle time (one-edge count) » 250 





TBiin input high-level pulse width (one-edge count) 125 


TBijin input low-level pulse width (one-edge count) 125 62 
TBjin input cycle time (both-edges count) 500 

TBiin input high-level pulse width (both-edges count) 250 
TBiin input low-level pulse width (both-edges count) 


’ 














Timer B input (pulse period measurement mode) 


Symbol Parameter 





TBiin input cycle time 
| TBiwn input high-level pulse width 
TBijiv input low-level pulse width 























Timer B input (pulse wiath measurement mode) 


Limits 
Symbol Parameter 


TBjn input cycle time 
TBjin input high-level pulse width 
TBiin input low-level! pulse width | fons . s 





























A-D trigger input 


Limits 
Symbol Parameter 8MHz 
, : Min. | 














ADzrg input cycle time (minimum allowable trigger) 


ADrre input low-level pulse width 











Serial I/O 


; Limits 
=a 
Symbol _ Parameter 


CLKj input cycle time 
CLK; input high-level pulse width = . 

TxDj hold time | 
RxDj input setup time 
RxDj input hold time 



































External interrupt input 


Limits 
Symbol Parameter 
| I | Min. | 








INT; input high-level pulse width 
INT; input low-level pulse width 
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‘SWITCHING CHARACTERISTICS (vco=5v10%, Vos=0V, To=250, unless otherwise noted), = 
Microprocessor mode | - > ——_ 


td(e—p4aq) 


td(e—peaq) 


Parameter 


Port P4 data output delay time 


Port P9 data output delay time 





td(e—p10Q) 








Port P10 data output delay time 


Test conditions are shown in Fig. 93. 


When wait bit is “1” 


. Symbol 


Parameter 





td(aL—e) 


| Address low-order output delay time 





td(e—DHa) 








_tpxz(e—pDHz) 
td(am—e) 


_| Data high-order output delay time (BYTE=“L”) 





Limits 











Floating start delay time (BYTE=“L”) 








Address medium-order output delay time 








td(AM—ALE) 


| Address medium-order output delay time 


80 





ab ic 





' 


td(e—pLa@) Data low-order output delay time . | —— 110 


Floating start delay time _ 





td(aH—e) Address high-order output delay time | 700 
Address high-order output delay time a | 80 


td(aALE—e) 


acs 
=e 


td(BHE—E) 


td(BLE—E) 


ALE output delay time 


BHE output delay time 
BLE output delay time. 





td(r/w—e) 


R 





/W output delay time 





— td(e~4,) 


¢, output delay time 





th(e—AaLc) 


th(aLeE—am) 


Address low-order hold time 








Address medium-order hold time (BYTE=“L”) 





th(eE—DHa) 


| Data high-order hold time (BYTE=“L”) 








tpzx(e—DHz) 


+— 


Floating clear delay time (BYTE=“L”) 





th(e—am) 


| Address medium-order hold time (BYTE=“H”) 





th(aALE—AH) 


| Address high-order hold time 





th(e—pLa) 








tpzx(e—piz) 





th(eE—BHE) 


Data low-order hold time 
Floating clear delay time 


BHE hold time’ 





thc e—BLE) 


BLE hold time 





_ thie—r/w) 





| R/W hold time 





td(¢,—sTi) 


STO, ST1 output delay time - 





tw(eEL) 





E pulse width 


Test conditions are shown in Fig. 93. 
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When wait bit is “0”, and external memory area is accessed 


Limits 
Symbol Parameter 8MHz 


Address low-order output delay time 
Data high-order output delay time (BYTE=“L”) : 
Floating start delay time (BYTE=“L”) 







a 
= 
~~ 


NO S 
O}o oi 





1 


Ss 
oO 


td AM—E) Address medium-order output delay time 
td(aM—ALE) Address medium-order output delay time 
td(e—pLa) Data low-order output delay time 


—_— 

— eh 

(oo) O1!| © 
NO} Ww Ww 
| oO io) 


Address high-order output delay time 


— — 
Oo © 
co) co) 


Floating start delay time 


Address high-order output delay time 
ALE output delay time 
ALE pulse width 


) 
) 
E) 
td( BHE—E) BHE output delay time 100 
BLE output delay time 
E) 





2 
NO} NM N WW] Ww] Ww | w NO | Ww 
on] on oO O};O};O;H);L]H|O 


Address medium-order hold time (BYTE=“L”) 
Data high-order hold time (BYTE=“L”) 
| 
| thime—an) | Address high-orderhoidtime | ns 
| thie—ra) | Data lowordernoldtime 8s 
Floating clear delay time 50 YL] ns 
ieee SUN pe 
GS a 

W hold ti ales 

8 eee 





— 

oO 
oO;oO 
ie) 
© 


Oo 
oO};O 
io) 












Floating clear delay time (BYTE=“L”) 


163) 

oO 
° 

oO 















R/W hold time | 18 
STO, ST1 output delay time 
twee: E pulse width 47 


Test conditions are shown in Fig. 93. 





(o>) 
5 

No 

o) 





Ao/MAo~ A7/MAz 
As/Dg~A,5/D, 5 
Ai6/Do™A23/D7 


Fig.93 Testing circuit for ports 
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DRAM CONTROL SWITCHING CHARACTERISTICS (Voc 5V10%, Vos=0V, Ta=25C, unless otherwise noted) 
Read state | cs 4 


_ Symbol . Parameter 


tw(RASL) | | RAS low-level pulse width ~ 


_ thcras—RA) Row address hold time after RAS 15 





td(ca—cas) Column address delay time before CAS 


thicas—ca) Column address hold time after CAS 





td(R/w—RAS) R/W delay time before RAS 


thicas—aaw) R/W hold time after CAS 


td(E—RASL) RAS delay time after E low-level 





td(E—cas_L) CAS delay time after E low-level 





td(e—RASH) RAS delay time after E high-level 














td(e—casn) CAS delay time after E high-level 


Test conditions are shown in Fig. 93. 
Write state 
Symbol ; Parameter ° 


tw(RASL). ; RAS low-level pulse width 





tw(casL) CAS low-level pulse width 
tyes RAS high-level pulse width 
td(Ras—cas) RAS—CAS delay time 
td(RA—RAS) Row address delay time before RAS 





thcRAS—RA) Row address hold time after RAS 


Column address delay time before CAS 


thccas—ca) Column address hold time after CAS 














td(R/w—RAS) R/W delay time before RAS 
thicas—r/w) R/W hold time after CAS 
td(eE—RASL) ~ RAS delay time after E low-level 























td(eE—cas_L) CAS delay time after E low-level 














td(e—RASH) RAS delay time after E high-level 














td(e—casH) ‘| CAS delay time after E high-level 


Test conditions are shown in Fig..93. 


Refresh state 


Parameter 








RAS low-level pulse width 








CAS—RAS delay time 
CAS hold time after RAS _ 














Test conditions are shown in Fig. 93. 
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TIMING DIAGRAM 


f(Xin) 


m| 


Port P4 output 
Port P4 input 
Port PS output 


Port P5 input 

Port P6 output 

Port P6 input 

Port P7 output 

Port P7 input 

Port P8 output 
* Port P8 input 


Port P9 output 


Port P9 input 


Port P10 output 


Port P10 input 


tr jal tf 


tsu(p4p—e) 


tsuc P5D—E) 


tsu(pep—e) 


tsu(p7D—E) 


tsu(psp—e) 


tsu(peD—E) 


tsu(P100—E) 


i} 
“4 


|. |. 
SI Sr Dr Tee 


tw(H) 


pa 


td(e—paa) 


th(e—pap) 


td(e—Psa) 


th(e—Psp) 


td(e—P6a) 


thie—pep) 


td(e—P7a) 


th(e—p7p) 


td(e—psa) 


th(e—pap) 


td(e—P9a) 


thie—pop) 


td(e—P10a) 


es 
| th(e—P10D) 


twiv) 
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tecra) 


TAjin input 





te(up) 


TAjout input 





TAjour input ; 
(Up-down input) | ( 


In event counter mode 


TAjin input 


- (When count by falling) thotyy—uP) 


TAjin input , 7 
_ (When count by rising) 


tsu(up—tyy) 


TBjin input 


ADrre input 





te(ck) 


CLKj 


TyDj 





D; s . & , - EA 


thic—p) 
tw(INnL) er) 3 


Pe 
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Microprocessor mode (When wait bit=“1”) | 


oy 


ml 
~ 


RDY input 


(When wait bit=“0”) 





4 





RDY input 


(When wait bit=“1” or “O” in common) 
o 
~ tsu(HoLD—¢1) | | th(#1—HoLD) 
HOLD input 
td(¢1—sti) td(g1—sti) 


STi output — 


~ Test conditions © ~ 
* Voc=5V+10% 
- Input timing voltage’: V\.=1.0V, Vin=4.0V 
* Output timing voltage : Vo.c=0.8V, Von=2.0V 
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_ Microprocessor mode (When wait bit=“1”) =~ 


a 


twiL) twcH) tf vty tg 
4 ie Te SS 
tdce—4,) a 
os twieEL) 
: we 









































th(aLe—AM) toxz(E—DHz) tozx(e—bHz) 
| rT oe 
Ag~Aj5/ ni | 
Dg~Dy,5 output Address { “4 [OSs | pe SS Address 
t 4 
eee | laa ia | 
sees las | Add a‘ Address 
(BYTE=“H’) . ress e 
| —— th(e—pH) 
Aie~Az3/ f 7 ss 
Do~ D3 output ' Address \ Address | === 
| | fe tdcan—ate) | ral —_  taan—) F teycor—ey be ess 
d(e-DLa) _— 
Do~D, input 
tWALe) ; 
——— ; | td(ALe—e) 
ALE output | | 
| . ia Pa 4 | 
FE a cand 5 ia EE 
: td(BLE—e) 
ioe scone x 
ioe 


Test conditions 

*Voc= 5 V+10% 

* Output timing voltage : Vo, =0. 8V, Voy=2. 0V 
° Do~Di5 input : Vii =0. 8V, Vin=2. 5V 
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Microprocessor mode (When wait bit=“0”, and external memory area is accessed) 


¢, / 
td(e—¢,) 
tw(eL) 


@ 


a, 


th(ALe—am) toxz(—E—-DHz) 
As~A, 5/ ie : e li 


Rs ee te ee 
a: CoS eS a8 eee 
(BYTE="L") re nee 
tdi am—e) 
thie —am) 


(BYTE=“H”) 
tsu(pH—E) pete sce| th(e—pH) 
Dg~ Dis input 
th(aLe—an) a toxz(e—piz) tozx(e—-p1z) 
5 cae [Address | Data =| XK Address) : 


Do~D 7 output Address| >= oor > zi —_ 


m| 


Ao™~Az7 output 


tozx( E—DHZ) 









td(e—pHa) 














tsu(pL—E) ee eee th(e—pL) 


Do~ D7 input. 


td(ALe—e) 


ALE output 





BHE output 


7 7 
| th(e—BLe) 
_ acon ia 





7 thce—R/w) 


R/W output . 


Test conditions 

. Vec= 5 V+10% 

* Output timing voltage > Vo, =0. 8V, Voy=2. OV 
* Do~ Djs input : V,_=0. 8V, Vi;4=2. 5V 
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‘When DRAM control 


At ‘reading 


At writing 


At refreshing < 


Mno~ Me ve |) Row add 
. output 
R/W output 


RAS output 


ow fF \S\I VIVE VIALS AVS VSN 












E 
ih ee 
al th(Ras—RA) td(e—Rash) et - 
RAS output td(RA—RAS) be . p 


td(—e—RASL) td(e—casH) td(cas—ryw) 


tw(casL) 


tdcr/|w—RAS) abs 
= | eae 
CAS output 
td(e|—cast) 


eter 
MAo~MAg d(ca—| cas) = 


| 
Ni 





Bi 


2 2 a 


R/W output 





tw(RAsH) tw(RASL) . 


th(Ras—RA) td(—E—RASH) 


| _V 
wy 





RAS output 










td(e—RASL) 


oe 
ee 
Sout | eee 


td(cas—R/w) 
td(—e—casn) >| 


ers res 


a Column address 4 






tw(RAsL) 


| th(ras—cas) 






CAS output 


Test conditions 

* Voc= 5 V410% 

* Output timing voltage : Vo. =0.8V, Voy=2. OV 
* Do~Dy5 input : Vii=0. 8V, Vin=2. 5V | 
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DESCRIPTION 

The M37730S2FP, M37730S2AFP, and M37730S2BFP are 
16-bit microcomputers designed with high-performance 
CMOS silicon gate technology. These are housed in a 64- 
pin plastic molded QFP. These microcomputers have a 
large 16M bytes address space, three instruction queue 
buffers, and two data buffers for high-speed instruction ex- 
ecution. The CPU is a 16-bit parallel processor that can 
also be switched to perform 8-bit parallel processing. 
These microcomputers are suitable for office, business, and 
industrial equipment controller that require high-speed pro-. 
cessing of large data. 

M37730S2SP, M37730S2ASP, and M37730S2BSP are also 
prepared. These are housed in a 64-pin shrink plastic 
molded DIP. 

The differences of these types are the external clock input 
frequency and package. Therefore, the following descrip- 
tions will be for the M37730S2FP unless otherwise noted. 


External clock input frequency 
64PEN 
8 MHz 64P4B 


M37730S2ASP 16MHz 64P4B 
M37730S2BSP 64P4B 




















FEATURES 
_@ Number of basic instructions:-*-77-+-:--ss17 rr 103 
®@ Memory size RAM ::::: scat eres eccereseeereneresese 1024 bytes 


@ Instruction execution time 
M37730S2FP, M37730S2SP 7 
(The fastest instruction at 8 MHz frequency) ----:-- 500ns 
M37730S2AFP, M37730S2ASP : - | 
(The fastest instruction at 16 MHz frequency):---- 250ns 
@ M37730S2BFP, M37730S2BSP 
(The fastest instruction at 25 MHz frequency):------ 160ns 


e Single power supply: streeeee sesereceereees BYEI0% 
@ Low power dissipation (at 8 MHz frequency) 7 
nent eee ee este eeeeenenes 30mWw (Typ.) 

@ Interrupts ------- seeteeeeees ste e teen ee tee ene nee es 14 types 7 levels 
@ Multiple function 16-bit timer :-:--*---:------*- See, o+1 
@ UART (may also be synchronous) steerer 1 
@ 12-bit watchdog timer 3 
@® Programmable input/output 

(ports P4, P5, PG, PB) scrrrcrreeceeeeteeeetete te teeee et eere anes 95 
@ Pulse output DOrts:ssrretereereeeee es sete eccensnenecseocees 4-bit*2 
APPLICATION 


Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, personal 
computers, and HDD. 

Control devices for industrial equipment such as ME, NC, 
communication and measuring instruments. 


PIN CONFIGURATION (TOP VIEW) 


2} <> P6;/TA4in 


P69/TA4gur/RTP15 + [1 
P57/TA3in ++[2] 
P§¢/TASqut/RTP12 +> (3 | 
P5s/TA2ny/RTP1, +> 14] 
P§4/TA2qut/RTP1p +> 
P53/TA1y/RTPO3 + (6 | 
P§o/TA1our/RTPO. +> 
P5,/TAQiy/RTPO, <> (8 | 
P5o/T. A0out/RTPO, [9] 
* + P4y/DBC* ++ [10] 


P4,/QCL* ++ [i3| 
P4g/MX* <> [14] 


P6,/TA4y > [8] 
P69/TA4oy7/RTP13 > L 9]. 
P57/TA3in + [10] 
P56/TA39ut/RTP12 > [11] 
P5s/TA2in/RTP1, +> 
P5,4/TA2ou1/RTP19 
P53/TA1\y/RTPO3 +> 
P52/TA1oy7/RTPO. > 
P5,/TAOin/RTPO, + [i6) 
P50/TAOoyt/RTPO, <> 
P4,/DBC* + fig} 
P4./VPA* + [19] 
P4,/VDA* +> 
P4,/QCL* +> 


dSazSoeZZeWw 


1O 
dSVcSOELLEW 


iO - 


JO 
dAacSoeZZen 


1O 
dScSo0eZZewn 


[33] «> Ai9/Ds 


+> P8o/CTSo/RTSo 
+> P8,/CLKy 
+> P8./RxDo 
+> P83/TxDo 
— Ao 

> A; 

— Ao 

—+ A; , 

— Ag 

— As 

— Ag 

> Az 

+> As/Dz. 

++ A,/Dg 

+ Aio/Dio 
oad Ayi/D44 
+ Aj2/Di2 
+ Ai3/D43 
+ Ai4/Dy4 
+ Ais/Dis 
+ Ai6/Do 

+> Aj7/Dy. 
+ Aj3/Do 
+ Aj9/D3 

> A2ro/D4 
+ Az,/Ds 

+ Azo/De 
+ Ao3/D7 

— R/W 

— BHE 

— ALE 

— HLDA 


Outline 64P4B . 


* :.Used in the evaluation chip mode only 
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M37730S2SP,M37730S2ASP,M37730S2BSP 


td Yod Gq od 9d od oe 8d uod 


snq ssoippy snq ejyeq/sng ssoippy indino indy indjnofnduyy — = yndynoyynduy © ‘ wndynosinduy 





_—- BOO MOOAMA-MOMMOOOOOOROBOHO— - 
[ERPPRPER CEPEPPRT PRET 


" JOMO| SSBIPPY © (QL)eea/saipplw . syBiy ssouppy 


















MODOO)- - COCOCOHOO NGESOGEE ~ —__—_ - @@@@— - 
Ho HE ay | 



















2 ; we : 

dy 2 (6)0 LYN - (91)OGL sows FF (9L)OVL JOULL 

She aia soyh 

a 2 Jaws Bopyoyeme | (91) LVL Joi ihe 
g) = WV 
Of. = (QL)2VL Jou . 


(QLJEVL sou 


(Q1)pVL JouL 





























) 
) 











a ~LKITTS oa = = So 
=< STicHic =i jay) < SPISiialic m7 fPITEEST ICL ICli-ile = 
co} jo STTSits STPSET. SPlorpsiy? = SPLOT EOE IT TSI RS =) 
STrstts zis FRIOT Tis 5 Zils stisli cits Sg 
OFO alata olrlers @ ® . o1ds 7] SEPSTEOLI SETS sits 38 
7 i" © @ ©. ei fa Py 7) = © i) o a oLlrec oO ola oS st 
oO ® 3 5 3 Cc os 2 o = a $ 2 z S c = = w =i >= 
eple Cryer a Oy eti=xlic e SEIcTPOLLSLISISIIs ES 
S15 SLITS] |S ELIS! | 3 STICLIStI= = SIISEIT ict iciie Ss 
a oa = < rm o B=. - < = cas % = = S x E < 
oil a Siis|]s obbel ds STLEttet}o a SIC TEST Lxd x<tbaiia | 
BI] % StPS|ys elle} |< sTTStisiis 3 STTsTESHISTISiisiic 
: 2 > = =< = D> © a 4 = 
‘alla Slletl sts SELoTTeiys £ SPSTIOP Esti stis<iis 
ETPTETES afja = a. ay7yo ~ TI 


, a 





beeaegy 4.4 3 


31Aqd AGH QGIOH M/H-~— 43Ha 31v vda1H SSANO SSA SDA ‘LaS3H 3 '¢ Nox NIX 


























= yndyno ey 
acai yndui indui yndjno-— ajqeua ajqeua rubs (AG) (AO) ( AG) indul yesay yndyno ajqeuy Lg 49019 yndyno 4901/9 yndul 49019 
WPIN SOG fpeey ysenbei pIOH eM/PeSY YBIy aXg YoIe! ssouppy. e6pe;mouyse | 
- PIOH 
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FUNCTIONS OF M37730S2FP 


( ions, ) 




















Instruction execution time 


M37730S2BFP, M37730S2BSP 160ns (the fastest instructions, at 25MHz frequency 
P4 





pte ee 
5 -bitX | 
Pe 


Input/Output ports - 
































TAO, TA1, TA2, TA3, TA4 16-bitX 5 
Multi-function timers 
TBO 16-bitX 1 
Serial I/O (UART or clock synchronous serial I/O) X 1 
Watchdog timer : 12-bitX 1 
3 external types, 11 internal types 
Interrupts : at 
(Each interrupt can be set the priority levels to 0 ~ 7.) 
Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
Supply voltage | 5V+10% | 
Power dissipation | 30mW(at external 8 MHz frequency) 
; 5, Input/Output voltage 5V 
Input/Output characteristic 
Output current 5mA 
Memory space ie bytes 
Operating temperature range 7 —20~85°C 
Device structure | CMOS high-performance silicon gate process 
M37730S2FP, M37730S2AFP, M37730S2BFP | 64-pin plastic molded QFP 





Package , 
M37730S2SP, M37730S2ASP, M37730S2BSP 





64-pin shrink plastic molded DIP 
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PIN DESCRIPTION 























































































































Pin a - Name — Input/Output : es ee _ os . Functions 
: el * | . 7 ? t. 
Vcc, Vss Power supply | Supply 5 V+10% to Veco and OVtoVss. 
‘CNVss. | CNVss input. Input Connect to Vcc. . 
RESET Reset input - Input * To enter the reset state, this pin must be kept at a “L” condition should be maintained for the required 
7 . | time. . = 4 | 
Xin Clock input a . Input These are |/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
: — poe tween Xiy and Xout. When an external clock is used, the clock source should be connected to the Xin pin 
_ Xout { Clock output Output . and the Xour pin should be left open. 
£E Enable output ' Output Data or instruction read and data write are performed when output from this sus is “L”. 
an ——_—+—— , : 
BYTE Bus width selection input Input This pin determines whether the external data bus is 8-bit width or 16- bit width. The width is 16 bits when 
: , “L” signal inputs and 8 bits when “H” signal inputs. 
hs tL 
) =] 7 ae 
Pr Clock output Output This pin outputs the clock ¢, which is divided the. clock to Xin pin by 2. 
RDY . | Ready 7 Input | This is ready input pin. This is an input pin for the RDY signal..Internal clock stops while this signal is “L’. 
HOLD Hold request input. Input This is an input pin for HOLD request signal. The microcomputer enters into hold state while this signal is 
Bae . ; ; 
HLDA | ‘Hold acknowledge output; Output This is an output pin for HLDA signal, indicates the hold state. 
R/W. * | Read/Write output - . Output oa a fe indicates the read status and “L” indicates the write status. 
Byte high enable output | “L” is output when an odd-numbered address is accessed. 
ALE ~ ‘| Address latch enable Output This is used to retrieve only the address data from address data and data multiplex signal. 
. output — 7 . . 
Ao~Az | Address (low-order) Output | Address (A7~Ao) is output. 
output . 7 
As/Dg~ Address (middle-order) 1/0 In case the BYTE pin is “L” and an external data bus is 16-bit width, high-order data (Dis~Dg) is input or 
Ais/Di45 output/Data (high-order) 7 output when E output is “L” and an address (A;5~Ag) is output when E output is “H”. In'case the BYTE pin 
/O.. . is “H” and an external data bus is 8-bit width, ont) address (Ais~Ag) is output. 
Aie/Do~ Address. (high-order) 1/0 | Low-order data (D7~Do) is input or output when E output i is “L”, and an address (Azo~Are) | is output when 
Ao3/D7 output/Data (low-order) | ‘E output is “H”. / 
1/0 . 
- en al | | 
P43~P47 1/O port P4 1/0 _ Port P4 is a 5-bit 1/0 port. This port has an data direction seaiater and een pin can be programnsd for in- 


put’or output. This port is in input mode when reset. | 





P5g~P57 I/O port P5 . /O | Port P5 is a 8-bit I/O port. This port has an data difectien register and each pin can be programmed for in- 


put or output. This port is in input mode when reset. 
POP gp “These pins also function as.1/O pins for timer AO, timer Al, timer A2 and timer A3. 








‘P69~P67 | I/O port P6 - /O ‘| In addition to having the same functions as port P5, these pins also function as |/O pins for timer A4, exter- | 
. | | nal interrupt input INTo, ey and INT» pins, and input pin for timer BO. ; 








P89~P83 ~ We port P8 1/0 Port P8 is a 4- bit 1/0 port. This port has an data direction register ane each pin can be ‘erogrammee for in- 
: put or output. This port is in input mode when reset. These pins also HUNEHOD as RxD, TxD, CLK, CTS/RTS 
‘pins for UARTO. 
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BASIC FUNCTION BLOCKS 

The M37730S2FP contains the following devices on a chip: 
RAM for storing data, CPU for processing, bus interface . 
unit (which controls instruction prefetch and data read/write 
between CPU and memory) , timers, UART, and other. 
peripheral devices such as I/O ports. Each of these de- 
vices are described below. 


MEMORY 

The memory map is shown in Figure 1. The address space 
is 16M bytes from addresses 01, to FFFFFF.. The address 
space is divided into 64K bytes units called banks. The 
banks are numbered from 04.6 to FF 46. 

Built-in RAM and control registers for built-in peripheral de- 
vices are assigned to bank 04.. 


i 


i 
OOFFFFi, | 
010000,5 [~ 


Bank 116 . 


O1FFFFic LL 


000080, 
Bank 016 


oo en Se 


FE000016 | 
| 
l 


_ FEFFFF 4g on 
FFOO00:e | 


FFFFFFie £. 


CJ: - Internal 


res 
Le ae : External 


Fig: 1 Memory map 


000000,. 
00007F 6 





| 
| | | OOFFDC4, -—-—-—- —+( 


\b 


OOFFFFig LL - 





Addresses FFDC,, to FFFFi¢ are the RESET and interrupt 
vector addresses and contain the interrupt vectors. Use 
ROM for memory of this address. Refer to the section on 
interrupts for details. 

The 1024 bytes area from addresses 804. ie 47Fi¢ contains 
the built-in RAM. In addition to storing data, the RAM is 
used as stack during a subroutine call, or interrupts. 
Assigned to addresses 0, to 7Fig are peripheral devices 
such as |/O ports, UART, timer, and interrupt control regis- 
ters. | 

A 256 bytes direct page area can be allocated anywhere in 
bank 0,,¢ using the direct page register DPR. In direct page 
addressing mode, the memory in the direct page area can 
be accessed with two words thus reducing program steps. 


Peripheral devices 
control registers 


see Fig. 2 for 


. f ti 
Internal RAM further information 


™~N 
1024 bytes 00007F 1 


pustrupt vector table 


_OOFFDC 16 TU UARTO transmission | | 
| om 


| 
I 
| 
| 
| 
1 


Sell a ail Se 
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Address (Hexadecimal notation) - 


000000 
000001 


000002 


000003 


. 000004 — 
- 000005 


000006 
000007 
000008 
000009 
00000A 


00000B © 
ooo00c. 
-00000D_- 
- 00000E 
OOO00F 


000010 
000011 
000012 


000013 
000014 
000015 


000016 


- 000017 
000018 
000019 » 


00001A 
00001B 


00001C 
- 00001D 
Q0001E 


00001F 
000020 


000021 


000022 
000023 


000024 


000025 
000026 
000027 


000028 © 


000029 


00002A - 
00002B 
00002C _. 
00002D_ 
00002E. 


00002F 
000030 
000031 
000032 
000033 


000034. 
-- 000035 
- 000036 
- 000037 
- 000038 
000039. 


00003A 
00003B 
00003C 


00003D ~ 


00003E 


00003F - 


Port P8 


| UART 0 transmit/receive mode register | 





Port P4 | 

Port P5 a 

Port P4 data direction register 

Port P5 data direction register | 
Port P6 . 


7 : : : 2 ; , 
3 H 
‘ é ‘ 
‘ : : ’ 
n 
pee oe ee eee ; 


Port P6 data direction register 





















































= 
Port P8 data direction register | 
Be a —— 








UART 0 bit rate generator 





UART 0 transmission buffer register 





‘| UART 0 transmit/receive control register 1 








UART 0 transmit/receive control register 0 











UART 0 receive buffer register . 
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Address (Hexadecimal notation) 


000040 
000041 
000042 
000043 
000044 


~ 000045 © 


000046 
000047 
000048 
000049 
00004 
000048 
00004C 


00004D 


00004E 
00004F 
000050 
000051 
000052 
000053 
000054 


~ 000055 ~ 


000056 
000057 
000058 

- 000059 
O0005A 
00005B 
00005C 
00005D 
O0005E 
00005F 

~ 000060 
000061 
000062 
000063 
000064 
000065 


000066 


000067 
000068 
000069 
00006A 
00006B 
00006C 
00006D 


OO006E 
O0006F 


000070 


- 000071 | 


000072 
000073 
000074 
000075 
000076 


000077 


000078 
000079 
00007A 
00007B 

- 00007C 
00007D 
00007E 
00007F 


Fig. 2. Location of peripheral devices and interrupt control registers 








“Count start flag 3 . 
One shot start flag — 2 


Up-down flac | 


Timer AO 

















Timer A1 | : Te. om a 

Timer A2 . : ; 

Timer A3 ot | 

Timer A4 | 

Timer BO: - | A | 
: 

| Timer AO mode register 


Timer A1 mode register 
Timer A2 mode register 
Timer A3 mode register 
Timer A4 mode register 
Timer BO mode register 








Processor mode register 
Watchdog timer : 
Watchdog timer frequency selection flag 
Waveform output mode register 
Pulse output data register 1 ' 


Pulse output data register O _ 


An 









































UARTO transmission interrupt control register |- 
UARTO receive interrupt control register 

















El 


Timer AO interrupt control register 
Timer A1 interrupt control register: 
Timer A2 interrupt control register _ 
‘Timer A3 interrupt control register 
Timer A4 interrupt control register 
Timer BO interrupt control register | _ 








INTo interrupt control register 
INT, interrupt control register _ 
| INT2 interrupt control regiter _ 
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CENTRAL PROCESSING UNIT (CPU) 
The CPU has ten registers and is shown in Figure 3. Each 
of hese registers is described below. 


ACCUMULATOR A (A) 

Accumulator A is the main register of the microcomputer. It 
consists of 16 bits and the lower 8 bits can be used separ- 
| ately. The data length flag m determines whether the regis- 
ter is used as 16-bit register or as 8-bit register. It is used 
as a 16-bit register when flag m is “O” and as an 8-bit reg- 
ister when flag m is “1”. Flag m is a part of the processor 
status register (PS) which is described later. 

Data operations such as calculations, data transfer, input/ 
output, etc., is executed mainly through the accumulator. 


‘ACCUMULATOR B (B) 


Accumulator B has the same functions as accumulator A, 


but the use of accumulator B requires more instruction . 


bytes and execution cycles than accumulator A. 


INDEX REGISTER X (X) 
Index register X consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 


mines whether the register is used as 16-bit register or as. 


8-bit register. It is used as a 16-bit register when flag x is 
“0” and as an 8-bit register when flag x is “1”. Flag x is a 
part of the processor status register (PS) which is de- 
ecribee later. : 


Program bank register PG 
7 | 0 | 


Data bank register DT 


- Fig. 3 Register structure 





In index addressing mode, register X is used as the index 
register and the contents of this address is added to obtain 
the real address. _ 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register X indicates the low- 
order 16 bits of the source data address. The third byte of 
the MVP and MVN is the high-order 8 bits of he? source 


_ data address. 


INDEX REGISTER Y (Y) 


Index register Y consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x “0” 
and as an 8-bit register when flag x is “1”. Flag x is a part 


of the processor status register (PS) which is described 


later. 

In index addressing mode, register Y is used as the index 
register and the contents of this address is added to obtain 
the real address. | | 

Also, when executing a block transfer instruction MVP or 
MVN, the content of index register Y indicates the low- 
order 16 bits of the destination address. The second byte of 
the MVP and MVN is the high-order 8 bits of the destina- 
tion data address. 


Accumulator A 
Accumulator B 
Index register x 
Index register Y 
Stack pointer S 


Program counter PC 


Direct page register DPR’ 


Processor status register PS 


Carry flag 

Zero flag 
‘Interrupt disable flag 

Decimal mode flag 

Index register length flag 

Data length flag | 

Overflow tlag 

Negative flag 

Processor interrupt priority level IPL 
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\ STACK POINTER (S). , 
Stack pointer (S) is an 16-bit register. It is used during a 
subroutine call or interrupts. It is also used during stack, 


stack pointer relative, or stack pointer relative indirect in-. 


dexed Y addressing mode. 


PROGRAM COUNTER (PC) 

Program counter (PC) is a 16-bit counter that indicates the 

low-order 16 bits of the next program memory address to 
be executed. These is a bus interface unit between. the 

program memory and the CPU, so that the program mem- 

ory is accessed through bus interface unit. This | is de- 
scribed later. 


PROGRAM BANK REGISTER (PG) | 

Program bank register is an 8-bit register that indicates the 
high-order 8 bits of the next program memory address to 
be executed. When a carry occurs by incrementing the 
_ contents of the program counter, the cotents of the program 
bank register (PG) is incremented by'1. Also, when a carry 
‘or borrow occurs. after adding or subtracting the offset 
value to or from the contents of the program counter (PC) 


using branch instruction, the contents of the program bank | 


register (PG) is incremented’ or decremented by 1 so that 
programs can be written without worming about bank 
boundaries. 


DATA BANK REGISTER (DT) 


Data bank register (DT) is an 8-bit register. With some 


addressing modes, a part of the data bank register (DT) is 


used to specify a memory address. The contents of data — 


bank register (DT) is used as the high-order 8 bits of a 24- 
bit address. Addressing modes that use the data bank’reg- 


ister (DT) are direct indirect, direct indexed. X indirect, 


direct indirect indexed Y, absolute, absolute bit, absolute 


indexed X, absolute indexed Y, absolute bit relative, and — 


stack pointer relative indirect indexed Y. 


DIRECT PAGE REGISTER (DPR) 
Direct page register (DPR) is a 16-bit register. Its contents 
is used. as the base. address of a 256-byte direct page 
area. The direct page area is allocated in bank 0, but when 
the contents of DPR is FFO1;_ or greater, the direct page 


area spans across bank 0 and bank 1. All direct addressing 
modes use the contents of the direct page register (DPR) | 


to generate the data address. If the low-order 8 bits of the 

direct page register (DPR) is “004_”, the number of cycles 

required to generate an address is minimized. Normally the 

— low- order 8 bits of the direct page Peer (DPR) is. set to 
“0016 r 


PROCESSOR STATUS REGISTER (PS) 


Processor status register (PS) is an 11-bit register. It con- 


sists of a flag to indicate the result of operation and CPU 


interrupt levels. 

Branch operations’ can be performed by testing the flags C, 
Z, V, and N. | | 
The details of each processor status register bit are de- 


_ scribed below. 


‘any flag c) 
ee carry flag contains the carry or borrow generated by 
the ALU after an arithmetic operation. This flag is also 


| affected by shift and rotate instructions. This flag can be set 


and reset directly with the SEC and CLC instructions or 
with the SEP and CLP instructions. 


2. Zero flag (Z) 

This zero flag is set if the result of an stitial operation. 
or data transfer is zero and reset if it is not. This flag can 
be set and reset eee with the SEP and CLP instructions. 


3. Interrupt disable flag (1) 


When the interrupt disable le flag is set'to “1”, all interrupts 
except watchdog timer, DBC, and software interrupt are 
disabled. This flag.is set to “1” automatically when these is 
an interrupt. It can be set and reset directly with the SEI 
and CLI instructions or ‘SEP and CLP instructions. | 


4. Decimal mode flag (D) 


_ The decimal mode flag determines whether addition and 


subtraction are performed as binary or. decimal. Binary 
arithmetic is performed when this flag is “O”. If it is as as de- 
cimal arithmetic is performed with each word treated as’ 


two or four digit decimal. Arithmetic operation is performed 


using four digits when the data length flag m is “0” and with 


- two digits when it is “1”. (Decimal: operation is possible 


only with the ADC and SBC. instructions. ) This flag can be. 


set and reset with the SEP and CLP instructions. 





Nee 
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| 


5. Index register length flag (x) 


The index register length flag determines whether index — 


register X and index register Y are used as 16-bit registers 
or as 8-bit registers. The registers are used as 16-bit regis- 
ters when flag x is “O” and as 8-bit registers when it is “1”. 
This flag can be set and reset with the SEP and CLP in- 
structions. 


6. Data length flag (m) 

The data length flag determines whether the data length is 
16-bit or 8-bit. The data length is 16-bit when flag m is “0” 
and 8-bit when it is “1”. This flag can be set and reset with 
the SEM and CLM instructions or with the SEP and CLP in- 
structions. 


7. Overflow flag (V) 

The overflow flag has meaning when addition or subtraction 
is performed a word as signed binary number. When the 
data length flag m is “OQ”, the overflow flag.is set when the 
result of addition or subtraction is outside the range be- 
tween — 32768 and + 32767. When the data length flag m 
is “1”, the overflow flag is set when the result of addition or 
subtraction is outside the range between —128 and +127. 
Tt is reset in all other cases. The overflow flag can also be 
set and reset directly with the SEP, and CLV or CLP in- 
structions. . 


8. Negative flag (N) 

The negative flag is set when the result of arithmetic op- 
eration or data transfer is negative (If data length flag m is 
“0”, when data bit 15 is “1”. If data length flag m is “1”, 
when data bit 7 is “1”.) It is reset in all other cases. It can 
also be set and reset with the SEP and CLP instructions. 


Control signal 


9. Processor interrupt priority level (IPL) © 
The processor interrupt priority level (IPL) consists of 3 bits 
and determines the priority of processor interrupts from 
level 0 to level 7. Interrupt is enabled when the interrupt 
priority of the device requesting interrupt (set using the in- 
terrupt control register) is higher than the processor inter- 
rupt priority. When interrupt is enabled, the current proces- 
sor interrupt priority level is saved in a stack and the pro- 


- cessor interrupt priority level is replaced by the interrupt 


priority level of the device requesting the interrupt. Refer to 
the section on interrupts for more details. 


BUS INTERFACE UNIT 

The CPU operates on an internal clock frequency which is 
obtained by dividing the external clock frequency f;x,,.) by 
two. This frequency is twice the bus cycle frequency. In 
order to speed-up processing, a bus interface unit is used 
to pre-fetch instructions when the data bus is idle. The bus 
interface unit synchronizes the CPU and the bus and pre- 
fetches instructions. Figure 4 shows the relationship be- 
tween the CPU and the bus interface unit. The bus inter- 
face unit has a program address register, a 3-byte instruc- 
tion queue buffer, a data address foglelel, ue a 2-byte 
data buffer. 7 
The bus interface unit obtains an instruction code from 
memory and stores it in the instruction queue buffer, 
obtains data from memory and stores it in the data buffer, | 
or writes the data from the data buffer to the memory. 


Bus interface 
unit 


Ce 





Fig. 4 Relationship between the CPU and the bus interface unit 





| J MITSUBISHI - 


2-187 





‘MITSUBISHI MICROCOMPUTERS | 


/M37730S2FP, M37730S2AFP, M37730S2BFP | 
_M37730S2SP, M37730S2ASP 1M37730S2BSP 


16-BIT CMOS diol bedbichednchilict cds 


The bus interface unit operates using one of the waveforms ae 

(1) to (6) shown in Figure 5. The standard waveforms are | internal ce LLL 
(1) and (2). ) | | ae : 
The ALE signal. is used to latch only the address signal — 
from the multiplexed signal containing data and address. 

The E signal becomes “L” when the bus interface unit 
‘reads an instruction code or data from memory or when it 
writes data to memory. Whether to perform read or write is 
controlled by the R/W signal. Read is performed when. the 
| R/W signal is “H” state and write is performed: when it is 

“L” state. 

Waveform (1). in Figure 5 is used to access a single byte or 
two bytes simultaneously. To read or write two bytes simul- 
| taneously, the first address accessed must be even. Furth- 
ermore, when accessing an external memory area, set the 
bus width selection input pin BYTE to “L”. (external data — 
bus width to 16 bits) The internal memory area is always 
treated as 16-bit bus width regardless of BYTE. 
When performing 16-bit data read or write, if the conditions _ 
for simultaneously accessing two bytes are not satisfied, 
waveform (2) is used to access each byte one by one. 
However, when prefetching the instruction code, if the 
address of the instruction code is odd, waveform (1) is 
used, and only one byte is read in the instruction queue 

| buffer. 

The signals Ag and BHE in Figure 5 are dieee to control 
. these cases: 1-byte read from even address, 1-byte read | 
from odd address, 2-byte simultaneous read from even and 
odd addresses, 1-byte write to even address, 1- -byte write 
to odd address, or 2-byte simultaneous write to even and 
odd addresses. The Ao signal that is the address bit 0 is” 
“L” when an even number address is accessed. The BHE 
signal becomes “L” when an odd number address is © 
- accessed. 
_ The bit 2 of processor eds register (address 5E 16) is the | 
wait bit. When this bit is set to “0”, the “L” width of E signal _ 
is 2 times as long when accessing an external memory 
area. However, the “L” width. of E signal is not extended 
when an internal memory area is accessed. When the wait — 
bit is “1”, the “L” width of E signal is not extended for any 
~ access. Waveform (3) is an expansion of the “L” width of E 
signal in waveform (1). Waveform (4),(5), and (6) are ex- 
‘pansion of each “L” width of E signal in waveform (2), first 


half of waveform (2), and the last half of waveform (2) re-- | BEGERS z 
( ), : (2) ye method| Access 2- Soot Access even | Access odd 
spectively. Po . orn ieee address 1- ae eadrene -byte 


Fig. 5 Relationship between access method and 
signals Ao and BHE 


A/D) 


E 


i: 
; 
. 
: 


A: ‘Address | 
D - Data 
ee indicates multiplex V0. pin with address data and data. 


fae 
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Instruction code read, data read, and data write are de- 
scribed below. 
Instruction code read will be described first. 
The CPU obtains instruction codes from the instruction 
queue buffer and executes them. The CPU notifies the bus 
interface unit that it is requesting an instruction code during 
an instruction code request cycle. If the requested instruc- 
tion code is not yet stored in the instruction queue buffer, 
the bus interface unit halts the CPU until it can store more 
instructions than requested in the instruction queue buffer. 
Even if there is no instruction code request from the CPU, 
the bus interface unit reads instruction codes from memory 
and stores them in the instruction queue buffer when the 
instruction queue buffer is empty or when only one instruc- 
tion code is stored and the bus is idle on the next cycle. 
This is referred to as instruction pre-fetching. 
Normally, when reading an instruction code from memory, if 
the accessed address is even the next odd address is read 
together with the instruction code and stored in the instruc- 
‘tion queue buffer. | 
However, if the bus width switching pin BYTE is “H”, exter- 
nal data bus width is 8 bits and the address to be read is in 
external memory area is odd, only one byte is read and 
stored in the instruction queue buffer. Therefore, waveform 
(1) or (3) in Figure 5 is used for. instruction code read. 
Data read and write are described below. 
The CPU notifies the bus interface unit when performing 
data read or write. At this time, the bus interface unit halts 
the CPU if the bus interface unit is already using the bus or 
if there is a request with higher priority. When data read or 
write is enabled, the bus interface unit uses one of the 
waveforms from (1) to (6) in Figure 5 to perform the opera- 
tion. 
During data read, the CPU waits until the entire data is_ 
stored in the data buffer. The bus interface unit sends the 
address received from the CPU to the address bus. Then it 
reads the memory when the E signal is “L” and stores the 
result in the data buffer. | | | 
During data write, the CPU writes the data in the data buf- 
fer and the bus interface unit writes it to memory. There- 
fore, the CPU can proceed to the next step without waiting 
for write to complete. The bus interface unit sends the 
address received from the CPU to the address bus. Then 
when the E signal is “L”, the bus interface unit sends the 
_ data in the data buffer to the data bus and writes it to 
memory. | _ | 
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INTERRUPTS | | 7 

Table 1 shows the interrupt types and the corresponding 
interrupt vector addresses. Reset is also treated as a type 
of of interrupt and is discussed in this section, too. 

DBC is an interrupt used during debugging. | 
Interrupts other than reset, DBC, watchdog timer, zero di- 
vide, and BRK instruction all have interrupt control regis- 





ters. Table 2 shows the addresses of the interrupt control — 


registers and Figure 6 shows the bit configuration of the in- 
terrupt control register. — 3 | | 


| The interrupt request bit is automatically cleared by the 


hardware during reset or when processing an_ interrupt. 


Also, interrupt request bits other than DBC and watchdes 
timer can be cleared by software. 
INT? to INTo are external interrupts and whether to cause ; 


an interrupt at the input level (level sense) or. at the edge 


(edge sense) can be selected with the level sense/edge 


sense. selection bit. Furthermore, the polarity of the. inter- 
rupt input can be selected with polarity selection bit. 
Timer and UART interrupts are described in the respective 


section. 


Interrupt priority 


_ Table 1. 


“16- BIT CMOS MICROCOMPUTER 





The priority of interrupts when multiple interrupts are 
caused simultaneously is partially fixed by hardware, but, it 
can also be adjusted by software as shown in Figure 7. The 
hardware priority is fixed the following: . 
reset > DBC > watchdog timer > other interrupts — 


Interrupt types and the interrupt vector 
addresses | 


Interrupts 
UARTO transmit OOFFDCi¢ 
UARTO receive OOFFDE:, OOFFDF 16 


QOFFE4s _ OOFFESie 
QOFFEGis _ OOFFE7i6 


Timer A3 OOFFE8;, OO0FFE9;¢ 
Timer A2 OOFFEA;g OOFFEBi, 
Timer At OOFFEC;, OOFFED4, 
Timer AO OOFFEE;, OOFFEF;, 
INT. external interrupt OOFFF0,., OOFFF1i¢ 
INT, external interrupt OOFFF2:5 OOFFF3i¢ 
INT external interrupt OOFFF4,, 
Watchdog timer OOFFF64, 
DBC (unusable) OOFFF8ig 
Break instruction 
Zero divide OOFFFC,, OOFFFDi._ _ 
Reset a .  OOFFFE,,  OOFFFFi., 


Vector addresses 
OOFFDDi6 






























































; Interrupt request bit 
0 : No interrupt 
1 : Interrupt 


Interrupt control register configuration tC UARTO, timer A4 to timer AO, ani timer BO 


765 4 342 F105 


as eee interrupt priority 
Interrupt request bit 
QO : No interrupt 
] = Interrupt 
Polarity selection bit 
0 : Set interrupt request bit at “H” level for level sense and when changing from“H” to “L.” 
level for edge sense. 
1 : Set interrupt request bit at.“L” level for level sense and when changing from “L” to ‘ ‘4 
level for edge sense. 
Level sense/edge sense selection bit = | : 
0 : Edge sense | 
1 | Level sense 


| Interrupt control register configuration for INT2~INTo. 





Fig. 6 Interrupt control register configuration 
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Table 2. Addresses of interrupt control registers 


Interrupt control registers 
UARTO transmit interrupt control register — 00007146 


















[Timer At interrupt contrregistor | 000076. 


Interrupts caused by a BRK instruction and when dividing 
.by zero are software interrupts and are not included in this 
list. 


Other interrupts previously mentioned are UART, Timer, 


INT interrupts. The priority of these interrupts can be 
changed by changing the priority level in the corresponding 
interrupt control register by software. 

Figure 8 shows a diagram of the interrupt priority resolution 
circuit. When an interrupt is caused, the each interrupt de- 
vice compares its own priority with the priority from above 
and if its own priority is higher, then it sends the priority be- 
low and requests the interrupt. If the priorities are the 
same, the one above has priority. 

This comparison is repeated to select the interrupt with the 
highest priority among the interrupts that are being re- 
quested. Finally the selected interrupt is compared with the 


processor interrupt priority level (IPL) contained in the pro- 


cessor status register (PS) and the request is accepted if it 
is higher than IPL and the interrupt disable flag | is “0”. The 


request is not accepted if flag | is “1”. The reset, DBC, and © 
watchdog timer interrupts are not affected by the interrupt . 


disable flag I. 

When an interrupt is accepted, the contents of the proces- 
' sor status register (PS) is saved to the stack and the inter- 
rupt disable flag | is set to “1”. 

Furthermore, the interrupt request bit of the accepted inter- 
rupt is cleared to “O” and the processor interrupt priority 
level (IPL) in the processor status register (PS) is replaced 
by the priority level of the accepted interrupt. - . ¢ 
Therefore, multi-level priority interrupts are possible by re- 
_ setting the interrupt disable flag | to “0” and enable further 
interrupts. , ; 
For reset, DBC, watchdog timer, zero divide, and BRK in- 
struction interrupts, which do not have an interrupt control 
register, the processor interrupt level (IPL) is set as shown 
‘in Table 3. | -_ 





Priority resolution is performed by latching the interrupt re- 
quest bit and interrupt priority level so that they do not 
change. They are sampled at the first half and latched at 
the last half of the operation code fetch cycle. | 
Because priority resolution takes some time, no sampling 
pulse is generated for a certain interval even if it is the next 
operation code fetch cycle. 


Priority is determined by hardware 


® ® ®@ Oo) 


oe eae ey 


fe 
Watchdog} { ——— 


| 

| 

i * ‘ 
UART, Timer, INT interrupts 


Priority can be changed with software inside ® 





Fig. 7 Interrupt priority 


Level 0 
UARTO transmit 
Interrupt request UARTO receive 
Timer BO 
Timer A4 
Timer A3 
Timer A2 


Timer A1 


TEIETKIEII-KI-KI-E< 


: Timer AO - 


Zz 
o 
nD 


Zz 
a 


| 


Watchdog 
timer 


ral fl 
=a 


D-DD, Dp Dp 


Interrupt disable flag | 


he 


Fig. 8 Interrupt priority resolution 





2—191 





_ MITSUBISHI MICROCOMPUTERS 


__ M37730S2FP,M37730S2AFP,M37730S2BFP 
_. M37730S2SP,M37730S2ASP,M37730S2BSP 





As shown in Figure 9, there are three different interrupt 


priority resolution time from which one is selected by soft- 
ware. After the selected time has elapsed, the highest 


priority is determined and is processed after the currently | 


executing instruction has been completed. 


The time is selected with bits 4 and 5 of the processor 
mode register (address 5E;.) shown in Figure 10. Table 4 


shows the relationship between these bits and the number 
of cycles. After a reset, the processor mode register is in- 
itialized - to. “0016” and therefore, the longest time is 
selected. | | 7 
However, the shortest time may be selected by software. 


Internal clock ¢ 


[Reset 
‘| Zerodivide 


- 16-BIT CMOS MICROCOMPUTER 


Table 3.\ Value set in processor interrupt level (IPL) 
during an interrupt 


Interrupt types 





Setting value 








= 
Watchdog timer r 


"Not change value of IPL. 
Not change value of IPL. 


BRK instruction 





Table 4. Relationship between priority level evaluation 


time selection bit and number of cycles 








, Number of cycles | 
~ 7 cycles of ¢ . 
: 4 han 4 cycles of ¢ _ 
ee ea ee eee 2cycles of o 


¢ : internal clock 


Operation code fetch vere [| Lo | Li 


Sampling pulse 


Priority resolution time 
Select from 0'to 2 with bits 
4 and 5 of the processor 


“mode register 













Fig. 9 Interrupt priority resolution time 








Fig. 10 Processor mode register configuration ~ 


ocessor mode register(5E,6) 


AT 6S A BD VD) 


- Must be “1” 


| Wait bit 
0. Wait 
1°! No wait 


. The processor is reset when this bit is set to “1”. 


Priority resolution time selection bit 


Test mode bit 





Processor mode bits 
0 : Microprocessor mode 


1: Evaluation chip mode 


(It is set to “1” after a reset) 


Software reset. bit 


0 0 : Select 0 in Figure 9 
0 1 : Select 1 in Figure 9 
10 - Select 2 in Figure 9 ~ 





Must be “0” 
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TIMER | 
There are six 16-bit timers. They are divided by type into 


timer A(5) and timer B(1). 
The timer I/O pins are shared with I/O pins for port P5 and 


P6. To use these pins as timer input pins, the data direction 


register bit corresponding to the pin must be cleared to “0” 
to specify input mode. 


TIMER A 
Figure 11 shows a block diagram of timer A. 
Timer A has four modes; timer mode, event counter mode, 


~one-shot pulse mode, and pulse width modulation mode. | 


The mode is selected with bits 0 and 1 of the timer Ai 
mode register (i=0 to 4). Each of these modes is de- 
scribed below. 


‘Clock source selection 
° Timer 
© One-shot | 
~* Pulse width modulation 


fo ——O 
i eee 
ao: 


Timer(gate function) 
f512-—© O. 


Polarity Event oe nter 


selection 


External trigger 


: . ~ Counter(16) Fa 


Count start flag 
(40,6) 


Down count 


(1) Timer mode (00) : 
Figure 12 shows the bit configuration of the timer Ai mode 
register during timer mode. Bits 0, 1, and 5 of the timer Ai 
mode register must always be “0” in timer mode. 

Bit 3 is ignored if bit 4 is “0”. : | 
Bits 6 and 7 are used to select the timer counter source. 
The counting of the selected clock starts when the count 
start flag is “1” and stops when it is “O”. 

Figure 13 shows the bit configuration of the count start flag. 
The counter is decremented, an interrupt is caused and the 
interrupt request bit in the timer Ai interrupt control register 
is set when the contents becomes 0000;¢. At the same 
time, the contents of the reload register is transferred to the 
counter and count is continued. | 


Su Data-bus (odd) 


ae Data. bus. (even) 


: T¢ Lower 8 bits) = (Higher 8 bits) 


Reload register(16) - | To 


uy UT 





Addresses 
Up/Down Timer A0 4] 16 4616 


Always decremented TimerA1 4916 4816 
except in event count mode 


Timer A2 4Big 4Are : 
= O {Timer A3 4Dis 4Ci6 
TimerA4 4Fig 4E6 | 


Up-down flag O 


(4446) 


| Pulse output 


onmaa< 


Fig. 11 Block diagram of timer A 





Toggle flip-flop 
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When bit 2 of the timer Ai mode register is “1”, the output 
is generated from TAigur pin. The output is toggled each 
time the contents of the counter reaches to 0000;5. When 
the contents of the. count start flag is ae “L” is output from 
TAiout pin. 

When bit 2 is “0”, TAlSaes can be used as a normal port pin. 
When bit 4 is “0”, TAiy can be used asa normal port pin. 


When bit 4 is “1”, counting is performed only while the in- 
: put signal from the TAi,, pin is “H” or “L” as shown in Fi- | 


gure 14. Therefore, this can be used to measure the pulse 
width of the TAijy input signal. Whether to count while the 
‘input signal is “H” or while it is “L” is determined by bit 3. If 
bit 3 is “1”, counting is performed while the TAiiy pin input 


signal is ou and if bit 3 is 0", counting is performed walle: 


itis “L”. 


~ Note that the duration of “H” or “L” on the TAiy pin must be 


two or more cycles of the timer count source. 


When data is written to timer Ai register with timer Ai 


halted, the same data is also written to the reload register 
and the counter. When data is written to timer Ai which is 


busy, the data is written. to the reload register, but not to 


the counter. The counter is reloaded with new data from 
the reload register at the next reload time. The contents of 
the counter can be read at any time. 

When the value set in the timer Ai aalsion4 is n, the timer 


frequency dividing ratio is 1/(n +1). 


_ Addresses 
Timer AO mode register 5616 


Timer A1 mode register 5716 


Timer A2 mode register | 5816 


Timer A3 mode register 5946 


-Timer A4 mode register 5Ais 


0 0 : Always “00” in timer mode 


: No pulse output (TAigyz is normal port pin) 


: Pulse output 


: No gate function (TAiin is normal port pin) 
- Count only while TAi;y input is “L” 


- Count only while TAij, input is “H” 


: Always “0” in timer mode 


Clock source selection bit 
0 0 : Select fa 
01 : Select fig 
10 : Select fe, 


. 11 ‘t Select fs12 





Fig. 12 Timer Ai mode register bit configuration during timer mode 
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Count start flag _ __-Address 
4016 


(Stop at “0”, Start at “1”) 


Timer AO count start flag | 
Timer A1 count start flag 
Timer A2 count start flag 
| Timer A3 count start flag 
Timer A4 count start flag 


Timer BO count start flag 





Fig. 13 Count start flag bit configuration 





Selected clock source fj 


Timer mode register 
Bit 4 Bit 3 


px e TU su 


Timer mode register 


Bit 4 Bit 3 


3 Tn 


Fig. 14 Count waveform when gate function is available 
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(2) Event counter mode (01) 

Figure 15 shows the bit configuration of the timer Ai mode 
register during event counter mode. In event counter mode, 
_ the bit 0 of the timer Ai mode register must be “1” and bit 1 
and 5.must be “0”. | 

The input signal from the TAiiy pin is eounted when the 
count start flag shown in Figure 13 is “1” and gounting is 


“3 stopped when it is “O”. | 
Count is performed at the fall of the input signal when bit 3 


is “O” and at the rise of the signal when it is “1”. 
In event counter mode, whether to increment or decrement 


the count can be selected with the ‘up- -down flag or the in-| 


put signal from the TAiout pin. - 

When bit 4 of the timer Ai mode register is “O”, the up- 
down flag is used to determine whether to increment or de- 
crement the count (decrement when the flag is “O” and in- 
crement when it is “1”). Figure 16 shows the en configura- 
_ tion of the up- -down flag. | 

When bit 4 of the timer Ai mode register is “1”, the input 
signal from the TAigur pin is used to determine whether to 


increment or decrement the count. However, note that bit 2 
must be “0” if bit 4 is “1” because if bit 2 is “4” TAlour pin 


_ becomes an output pin with pulse output. 

The count is decremented when the input signal from the 
TAiout pin is “L” and incremented when it is “H”. Deter- 
mine the level of the input signal from the TAioyy pin be- 
fore valid edge is input to the TAi;y pin. | 
An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt control register is set 
when the counter reaches 0000;, (decrement count) or 


FFFFi, (increment count). At the same time, the contents. 


of the reload register is transferred to the counter and the 


~ count is continued. 


When bit 2 is uy” and the counter Peaches 0000,.¢ 


(decrement count) or FFFF,,¢ (increment count), the wave- | 


form reversing polarity is output from TAiour pin. 

If bit 2 is “O”, TAigyr pin can be used as a normal port pin. 
However, if bit 4 is “1” and the TAigut pin is used as an 
output pin, the output from the pin changes the count direc- 
tion. Therefore, bit 4 should be “0” unless the output from 
_ the TAigur pin is to be used to select the count direction. 








Addresses 
Timer AO mode register © 564. 


Timer A1 mode register 5716 
Timer A2 mode register 5846 
Timer A3 mode register 5916 


' Timer A4 mode register 5Ai6 


- Always “01” in event counter mode 


- No pulse output - 
: Pulse output 


: Count at the falling edge of input signal | 
: Count at the rising edge of input signal 








: Increment or decrement according 


to up/down flag | 
: Increment or decrement according 





to TAigur pin input signal level 


: Always “0” in event counter mode 


: Not used in event counter mode 


Fig. 15 Timer Ai mode register bit configuration 
during event counter mode ; 


76543210 — a soos 
Pitt Ett | | up-down flag 7 16 


Timer AO up-down flag 
—Timer A1 up-down flag 
Timer A2 up-down flag 
Timer A3 up-down flag 
Timer A4 up-down flag 


Timer A2 two-phase pulse signal 
processing selection bit 
0: Two-phase pulse signal processing 
disabled | | 
'1 ! Two-phase pulse signal processing , 
mode . 


—Timer A3 two-phase pulse signal 
processing selection bit 
0 : Two-phase pulse sone processing 
disabled 
1 : Two-phase pulse signal processing 
mode 


-Timer A4 two-phase pulse signal 
processing selection bit 
Q : Two-phase pulse signal processing . 
7 ‘disabled 
as je Two-phase pulse signal processing. 
mode 


Fig. 16 Ue: -down flag bit pomiguredon 
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Data write and data read are performed in the same way as 
for timer mode. That is, when data is written to timer Ai 
halted, it is also written to the reload register and the coun- 
ter. When data is written to timer Ai which is busy, the data 
is written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time. The counter can be read at any 
time. 

In event counter mode, whether to increment or decrement 
the counter can also be determined by supplying two- 
phase pulse input with phase shifted by 90° to timer A2, A3, 
or A4. There are two types of two-phase pulse processing 
operations. One uses timers A2 and A3, and the other uses 
timer A4. In either processing operation, two-phase pulse is 
input in the same way, that is, pulses out of phase by 90° 
are input at the TAjour (j=2 to 4) pin and TAjin pin. 

When timers A2 and A3 are used, as shown in Figure 17, 
the count is incremented when a rising edge is input to the 
TAkin pin after the level of TAkour (k= 2, 3) pin changes 
from “L” to “H”, and when the falling edge is inserted, the 
count is decremented. 

For timer A4, as shown in Figure 18, when a phase elated 
pulse with a rising edge input to the TA4i, pin is input after 
the level of TA4our pin changes from “L” to “H”, the count 
is incremented at the respective rising edge and falling 
edge of the TA4our pin and TA4,y pin. 

When a phase related pulse with a falling edge input to the 
TA4our pin is input after the level of TA4in pin changes 
from “H” to “L”, the count is decremented at the respective 
-rising edge and falling edge of the TA4;y pin and TA4our 
pin: When performing this two-phase pulse signal proces- 





sing, timer Aj mode register bit 0 and bit 4 must be set to 
“1” and bits 1, 2, 3, and 5 must be “0”. Bits 6 and 7 are 
ignored. Note that bits 5, 6, and 7 of the up-down flag reg- 
ister (44,,) are the two-phase pulse signal processing 
selection bit for timer A2, A3, and A4 respectively. Each 
timer operates in normal event counter mode when the cor- 
responding bit is “O” and performs two-phase pulse signal 
processing when it is “1”. 

Count is started by setting the count start flag to “4”, Data 
write and read are performed in the same way as for nor- 
mal event counter mode. Note that the direction register of 
the input port must be set to input mode because two- 
phase pulse signal is input. Also, there can be no pulse 
output in this mode. 


_ Addresses 
Timer A2 mode register 5816 


Timer A3 mode register 5916 - 


Timer A4 mode register 5Ai6 


0 1 : Always “01” in event counter mode 
0 10 0 : Always “0100” when processing 
two-phase pulse signal 
XX ! Not used in event counter mode 
Fig. 19 Timer Aj mode register bit configuration when 


performing two-phase pulse signal processing 
in event counter mode 


(k=2, 3)! : 


Up-count Up-count Up-count 


Down-count' Down-count | Down-count 





Fig. 17 Two-phase pulse processing operation of timer A2 and timer A3 


FE Een ee RE ce OE Oe 
_ Up-count at each edge 





TA4 a ae, 
i Up-count at each edge 


Fig. 18 Two- -phase pulse processing operation of timer A4 


Down-count at each edge 


NS 
Down-count at each edge 
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(3) Onieator pulse mode (10) 

Figure 20 shows the bit configuration of the timer Ai mode 
register during one-shot pulse mode. In one-shot. pulse 
mode, bit 0 and bit 5 must be “0” and bit 1. and bit 2 must 
be “1”. 


The trigger is enabled when the count start “lee is “1”. The | 


trigger can be generated by software or it can be input 


from the TAii, pin. Software trigger is selected when bit 4 


is “O” and the input signal from the TAin pin is used as the 
_trigger when it is “1”. 


Bit 3 is used to determine. whether. to trigger at the fall ét 


the trigger signal or at the rise. The trigger is at the fall of 


_the trigger signal when bit 3 is “0” and at the rise of the - 


trigger signal when it is “1”. 


Software trigger is generated by setting the bit in the one- : | 


shot start flag corresponding to each timer. : 
Figure 21 shows the bit configuration of the one-shot start 
flag. 7 _ | 

As shown in Figure 22, when a trigger signal is received, 
the counter counts the clock selected by bits 6 and 7. 

If the contents of the counter is not 0000,.6, the T Ales pin 


goes “H” when a trigger signal is received. The count 


direction is decrement. 
3 When the counter reaches 000116, The TAiour pin goes “b 


and count is stopped. The contents of the reload register is. 
transferred to the counter. At the same time, an interrupt 


request signal is generated and the interrupt request bit in 
_ the timer Ai interrupt control register is set. This is repe- 
ated each time a trigger signal is received. The output 
pulse width is 

Beal 
pulse frequency of the selected clock 
X(counter’s value at the time of trigger). 

If the count start flag is “O”, TAigur goes “L”. Therefore, the 

| value Gorresponding to the desired pulse width must be 


written to timer Ai before setting the timer a count start 


flag. 

As shown in Figure 23, a trigger signal can be received be- 
fore the operation for the previous trigger signal is com- 
pleted. In this case, the contents of the reload register is 
transferred to the counter by the trigger and then that value 
is decremented. | 

Except when retriggering while operating, the contents of 
the reload register is not Manstenee to the counter by ne: 
gering. 


~ When retriggering, there must be at least one timer count © 


source cycle before a new trigger can be issued. 

_ Data write is performed to the same way as for timer mode. 
When data is written in timer Ai halted, it is also written to 
the reload register and the counter. 


When data is written to timer Ai. which is busy, the data is - 


written to the reload register, but not to the counter. The 


counter is reloaded with new data from the reload register 


at the next reload time. 
mene data is read when timer Ai is read 








Fig. 21 


. Addresses 
Timer AO mode register — S616 


Timer A1 mode register 5716 
Timer A2 mode register 5816 
Timer A3 mode register : 5946 


Timer A4 mode register’ 5Ai6 


- Always “10” in one-shot pulse mode 


: Always “1” in one-shot pulse mode 








: Software trigger 
: Trigger at the falling edge of TAlin 
_ input 


- Trigger at the rising edge: of TAin | 
input 





0 : Always “0” in one-shot pulse mode 








(al Sata eee erire eee Clock source selection 
00 : Select fo 

01 : Select fie 

10 2 Select fea 


ie ' Select fs12 


rie: 20 ‘Timer Ai mode register bit configuration during 
one-shot pulse mode 


| . Address 
76543210 | Big 
One-shot start flag 
Timer AQ one-shot start flag . 
nines At one-shot start flag 
Timer A2 one-shot start flag 
- Timer A3 one-shot. stari flag. 


Timer A4 one-shot start flag . 


One-shot start flag bit configuration 
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Selected clock 
source fj 


TAiin 5 
(in case of the 


rising edge) 


TAisit | | | | | 


Example when the contents of the reload register is 0003,, 





Fig. 22 Pulse output example when external rising edge is selected 
¥ 


Selected clock 
source fj 


(in case of the 
rising edge) 


TAiout | | ee wel eit ee 


Example when the contents of the reload register is 0004,, 





Fig. 23 Example when trigger is re-issued during pulse output 
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(4) Pulse width modulation mode (11) 


Figure 24 shows the bit configuration of the timer Ai mode. 
In pulse 


register .during pulse width modulation mode. 
width modulation mode, bits 0, 1, and 2 must be set to “1”. 
Bit 5 is used to determine whether to perform 16-bit length 
pulse width modulator or 8- bit length pulse width modula- 


tor. 16-bit length pulse width modulator is performed when | 


bit 5 is “O” and 8-bit. length pulse width modulator is per- 
formed when it is “1”. The 16-bit length pulse width mod- 
ulator is described first. : 

The pulse width modulator can be started with a softwaré 


trigger or with an input signal from a TAin pin (external ad 


~ trigger). 


The software trigger mode is selected when bit 4 is “Q”. 


Pulse width modulator is started and pulse is output from 
. TAigut when the timer Ai start flag is set to “1”. 

The external trigger mode is selected when bit 4 is “1”. 
Pulse width modulator starts when a trigger signal is input 
from the TAiy pin when the timer Ai start flag is “1”. 


‘Whether to trigger at the fall or rise of the trigger signal is ~ j 
determined by bit 3. The trigger is at the fall of the trigger 


signal when bit 3 is “O” and at the rise when it is “1”. 
When data is written to timer Ai with the pulse width mod- 


ulator halted, it is written to the reload editor and the © 


counter. | 

Then when the time Ai start Ping is set to “1” and a software 
trigger or an external trigger.is issued to start modulation, 
the waveform shown in Figure 25 is output continuously. 
~ Once modulation is started, triggers are not accepted. If 


the value in the reload register is m, the duration “H” of 


pulse is” 
: 1 
selected clock frequency 
_ and the output pulse period is 
«A 
selected clock frequency 


xm 


x (2164). 


An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt control register is set at ; 


each fall of the output pulse. 
The width of the output pulse is changed by updating timer 


data. The update can be performed at any time..The output > 


= ‘pulse width is changed at the rise =o the pales. after data is 
written to the timer.. 


The contents of the reload register are transferred to the. 


counter just before the rise of the next pulse so.that the 
pulse width is changed from the next output pulse. 
Undefined data is read when timer Ai is read. 

The 8-bit length pulse width modulator is described next. 


The 8-bit length pulse width modulator is selected when 


the timer Ai mode register bit 5 is “1”. 
_ The reload register and the counter are both. divided into 8- 
bit halves. | 


‘The low order 8 bits function as a prescaler and ie high | 


; order 8 bits function as the 8-bit length pulse width modula- | 


tor. The prescaler counts the clock selected by bits 6 and » 
7. A pulse is generated when the counter reaches 0000,, _ 


as shown in Figure 26. At the same time, the contents of 
the reload register is transferred to the counter and count is | 


continued. 


Aadiasses 
Timer AO mode register 5646 
Timer A1 mode register 5716 
Timer A2 mode register 5816 
Timer A3 mode register 5916 


Timer A4 mode register 5Ai6 


Se 


Wei 


- 11! Always “11” in pulse width modulation] 
mode 


1 2 Always “1” in pulse width modulation 
mode 


0 X : Software trigger 
. 10 ! Trigger at the falling of TAiy input 
1 1 : Trigger at the rising of TAi,y input. 
0 : 16 bit pulse width modulator 


1 : 8 bit pulse width modulator — 


Clock source selection bit 


0 0 ° Select f. 
01 : Select fig 
- 10 : Select fe4 


Bl 1 : Select f512 





‘Fig. 24. Timer Ai mode register bit configuration during 
pulse width modulation mode | 





2-200 


MITSUBISHI MICROCOMPUTERS 


'M37730S2FP, M37730S2AFP,M37730S2BFP 
MST 1 20S29F M37730S2ASP,M37730S2BSP 


16-BIT CMOS MICROCOMPUTER 





Therefore, if the low order 8-bit of the reload register is n, 
the period of the generated pulse is 


1 
selected clock frequency x(n +1). 
The high order 8-bit function as an 8-bit length pulse width 
modulator using this pulse as input. The operation is the 


same as for 16-bit length pulse width modulator except that 


the length is 8 bits. If the high order 8-bit of the reload reg- 


_ ister is m, the duration “H” of pulse is 


; 
‘olacted clock frequency (0 +1) m. 
And the output pulse period is 

a 


ah Top dE ple a 8 
selected clock frequency X(n-+1)X(2 1). 


1/f,X (2°61) 


ee ee 


Selected clock 


source fj 


TAI it | 
(in case of the fi LR 


TAiin 


This trigger is not accepted 


rising edge) | i, 


| 1/f|X (m) | 


Example when the contents of the reload register is 00031. 





Fig. 25 16-bit length pulse width modulator output pulse example 


Selected clock 
scurce fj 


TAiin 
(in case of the falling edge) 


X(n+1) 


Prescaler output 


(when n =2) 


| 
| 


8-bit length pulse 


width modulator 
output 


"(when m =2) 





Fig. 26 8-bit length pulse width modulator output pulse example 
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TIMER B 


Figure 27 shows a block diagram of timer B. 


Timer B has three modes; timer mode, event counter mode, ; 
and pulse period measurement/pulse width measurement | 


mode. The mode is selected with bits 0 and 1 of the timer 
BO mode register. Each of these modes is described 
below. | : | 

(1) Timer mode (00) 


, Figure 28 shows the bit configuration of the timer BO mode 


register during’ timer mode. Bits 0, and 1 of the timer. BO 


mode register must always be “0” in timer mode. 

Bits 6 and 7 are used to select the clock source. The 
counting of the selected clock starts when the count start 
. flag “1” and stops wien “0”. 


Clock source selection 
* Timer 
fo ——O 


fig —O width measurement 
foes —O no = 4 
_ {512 ——O 


Polarity selection Event counter 
and edge pulse O 


TBO ©E) 


* Pulse period ara aad 


As shown in Figure 13, the timer BO count start flag is at the 
same address as the timer Ai count start flag. The count is 
decremented, an interrupt occurs, and the interrupt request 
bit in the timer BO interrupt control register is set when the 
contents becomes 0000,,. At the same time, the contents of | 
the reload register is lore? in the counter and count is 
continued. . 

Timer BO does not have a pulse output function ora “gate 
function like timer A. 


_When data is written to timer BO halted, it is written to the 


reload register and the counter. When data is written to . 
timer BO which is busy, the data is written to the reload 


_ register, but not to the counter. The counter is reloaded 


with new data from the reload register at the next reload 


time. The contents of the counter can be read at any time. 


: , q ones 8 bits) 


Lower 8 a: oe 


Reload register( 16) 


Addressed | 


Counter(16) Timer BO Stie 5016 


generator ‘ Count start flag 


— (4046) 


Counter reset 


Fig. 27 Timer B block diagram 





circuit 
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(2) Event counter mode (01) 

Figure 29 shows the bit configuration of the timer BO mode 
register during event counter mode. In event counter mode, 
the bit 0 in the timer BO mode register must be “1” and bit 
1 must be “0”. | 

The input signal from the TBO\, pin is counted when the 
count start flag is “1” and counting is stopped when it is “0”. 
Count is performed at the fall of the input signal when bits 
2, and 3 are “0” and at the rise of the input signal when bit 
3 is “O” and bit 2 is “1”. | 

When bit 3 is “1” and bit 2 is “0”, count is performed at the 
rise and fall of the input signal. 


Data write, data read and timer interrupt are performed in. 


the same way as for timer mode. 
(3) Pulse period measurement/pulse width 
measurement“ mode (10) 
Figure 30 shows the bit configuration of the timer BO mode 
register during pulse period measurement/pulse width 
measurement mode. 
In pulse period measurement/pulse width measurement 
mode, bit 0 must be “O” and bit 1 must be “1”. Bits 6 and 7 
are used to select the clock source. The selected clock is 
counted when the count start flag is “1” and counting stops 
when it is “O”. | 
The pulse period measurement mode is selected when bit 
3 is “O”. In pulse period measurement mode, the selected 
clock is counted during the interval starting at the fall of the 
input signal from the TBO, pin to the next fall or at the rise 
of the input signal to the next rise and the result is stored in 
the reload register. In this case, the reload register acts as 
a buffer register. 
When bit 2 is “0”, the clock is counted from the fall of the 
input signal to the next fall. When bit 2 is “1”, the clock is 
counted from the rise of the input signa} to the next rise. 
In the case of counting from the fall of the input signal to 
the next fall, counting is performed as follows. As shown in 
Figure 31, when the fall of the input signal from TBO, pin is 


detected, the contents. of the counter is transferred to the - 


reload register. Next the counter is cleared and count is 
started from the next clock. When the fall of the next input 
signal is detected, the contents of the counter is transferred 
to the reload register once more, the counter is cleared, 
and the count is started. The period from the fall of the in- 
put signal to the next fall is measured in this way. 











Addresses 
Timer BO mode register 5B, 


0 0 : Always “00” in timer mode 


XX : Not used in timer mode and 
may be any 


Timer BO overflow flag 


Clock source selection bit 
00 : Select fp 


01 : Select fy, 
1 Os 2 Select fea | 
rate fs Select f512 


Fig. 28 Timer BO mode register bit configuration dur- 
ing timer mode 


Addresses 
Timer BO mode registér 5By,, 


0 1 : Always “01” in event counter 
. mode 
0 0 : Count at the falling edge of 
input signal 
- Count at the rising edge of 
input signal 
- Count at the both falling edge 
and rising edge of input signal 
Timer BO overflow flag 


XX : Not used in event counter mode 


Fig. 29 Timer BO mode register bit configuration dur- 


ing event counter mode 


“DBs 2 Avs! 10 Addresses 


Timer BO mode register . SBigs 


1 0 : Always “10” in pulse period 
. measurement/pulse width | 
measurement mode 
0 0 : Count from the falling edge of 
input signal to the next falling one 
- Count from the rising edge of 
input signal to the next rising one 
- Count from the falling edge of 
input signal to the next rising one 
and from the.rising edge to the - 
. next falling one 
Timer BO overflow flag _ 
—— Clock source selection bit’ 
' 00 : Select f. 
1 0 : Select fe4 
11 : Select fs, 


Fig. 30 Timer BO mode register bit configuration dur- 


ing pulse period measurement/pulse width 
measurement mode 
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’ After the contents of the counter is transferred to the reload 
register, an interrupt request signal is generated and the 
interrupt request bit in the timer BO interrupt control regis- 
ter is set. However, no interrupt request signal is generated 


‘when the contents of the counter is. transferred first time to 


the reload register after the count start flag is set to “1”. 


‘When bit 3 is “1”, the pulse width measurement mode is. 


‘selected. Pulse width measurement mode is similar to 
pulse period measurement mode except that the clock is 


counted from the fall of the TBOjx pin input signal to the. 
next rise or from the rise of the input signal to the next fall — 


Selected clock 
' source fj 


_ Reload register + counter | | | | | 


Counter+-0 | . | | | 


as shown in Figure 32. : | | 
When timer BO is. read, the contents of the reload oa 


ig read. ; . : 
Note that in this mode: the interval aineen the fall of the 


TBO pin input signal to the next rise or from the rise to the 
next fall must be at least two cycles of the timer count 


source. 


Timer BO overflow flag which is bit 5 of timer BO mode reg- 
ister is set to “1” when the timer BO counter reaches 
00006. This flag is cleared by writing to corresponding tim- 
er BO mode register. This bit is set to “1” at reset. 


] | 

I 
‘e 

: | 


| 
|. 
| 
| 
| 


Count start flag | | _ a 


‘ 


Interrupt request signal i a | (ae 


Fig. 31 
| next falling. one) 


Selected clock" 
_ Source fj 


Reload register «- Counter 


Counter+0 / 


Count start flag | 


Interrupt request signal 


Fig. 32 Pulse width measurement mode operation. 





| 
| 
| 


Pulse period measurement mode operation (example of measuring the interval between the falling ecg? to 


* 
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Pulse output port mode 

Figure 33 shows a block diagram for pulse output port 
mode. In the pulse output port mode, two pairs of four-bit 
pulse output ports are used. Whether using pulse output 
port or not can be selected by waveform output selection 


bit (bit 0, bit 1) of waveform output mode register (62,.. 


address) shown in Figure 34. When bit 0 of waveform out- 
put selection bit is set to “1”, ports P6>, P5g, P5s; and P5, 
are used as pulse output ports (RTP1 selected), and when 
bit 1 of waveform output selection bit is set to “1”, ports 


P53, P52, P5;, and P59 are used as pulse output ports | 


(RTPO selected). When bits 1 and 0 of waveform output 
selection bit are set to “1”, ports P69, P5g, P5;, and P5,, and 
ports P53, P52, P5; and P59 are used as pulse output ports 
(RTP1 and RTPO selected). 


The ports not used as pulse output ports can be used as 


normal parallel ports or timer input/output. 

In the pulse output port mode, set timers A2 and AO to tim- 
er mode as timers A2 and AO are used. Figure 35 shows 
the bit configuration of timer AO, A2 mode registers in pulse 
output port mode. | | a 
Data can be set in each bit of the pulse output data regis- 














Pulse width modulation selection bit 
(Bit 4, 5 of 62, address) 


4 9 





Pulse width modulation output 
by timer A3 e 0 


Pulse width modulation output 
by timer A1 > 0 


Pulse output data 
register 1 (64,, address) 









Ww 


= i) 





010 
o h6udI 


‘Pulse output data “ 
register 0 (65;, address) 


Fig. 33 Block diagram for pulse output port mode 







ter corresponding to four ports selected as pulse output 
ports. Figure 36 shows the bit configuration of the pulse 
output data register. The contents of the pulse output data 
register 1 (low-order four bits of 6446 address) correspond- 
ing to ports P6p, P5., P5; and P5, is output to the ports 
each time the counter of timer A2 becomes 000046. The 
contents of the pulse output. data register 0 (low-order four 
bits of 65,. address) corresponding to ports P53, P52, P5y, 
and P5, is output to the ports each time the counter of tim- 
er AO becomes 0000;.¢. 

When “0” is written to a specified bit of the pulse output 
data register, “L” level is output to the corresponding pulse 
output port when the counter of corresponding timer be- 
comes 0000,.¢, and when “1” is written, “H” level is output to 
the pulse output port. . 

Pulse width modulation can be applied to each pulse out- 
put port. Since pulse width modulation involves the use of 
timers A3 and A1, activate these timers in pulse width mod- 
ulation mode. When a certain bit of the pulse output regis- 
ter is “1”, pulse width modulation is output from the pulse 
output port when the counter of the corresponding timer 
becomes 0000. 


Waveform output contro! bit 
(Bit 7 of 62,, address) 






Reset 






P69 (RTP13) 
P5¢ (RTP12) 


* P55 (RTP1,) 


P5, (RTP19) 


\/ 
oe) 






P53 (RTPOs) 


>. 

Pe : & PS» (RTPO>) 
— P5, (RTPO,) 
P, 





( ) P5o (RTPOp) 





Polarity selection bit 
(Bit 3 of 62,¢ address) 
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Ports P65, P5,, P5; and P5, are applied pulse width mod-. 


ulation by timer A3 by setting the pulse width modulation 
selection bit by timer A3 (bit 5) of the waveform output 
“mode register to ia ik 


Ports PSs, P5o, P5, and P5, are applied pulse width mod- 


ulation by timer Al by setting the pulse width modulation 


selection bit by timer A1 (bit. 4) of the waveform output 


mode register to “1”. 
The contents of the pulse output data register 0 can be re- 
versed and output to pulse output ports P53; P52, P5, and 


P5o by the polarity selection bit (bit 3) of the waveform out-° 


put mode register. When the polarity selection bit is “O”, 
the contents of the pulse output data register 0 is output 
| unchangeably, and when “1”, the contents of the pulse out- 
put data register 0 is reversed and output. When pulse 
width modulation is applied, likewise the polarity reverse to 
' pulse width modulation can be selected by the poeny 
selection bit. : : 

Figure 37 shows example of wavetorms in Boos output port 
mode. | 
Ports selecting the pulse output port mode’can eontvol out- 


put by the waveform output control bit (bit 7) of the wave- | 


form output mode register (6246 address). 
When the waveform output control bit is set to “1”, a wave- 
form is output from the port. When this bit is set to “0”, 


. waveform output from the port is stopped and the port is 


placed in floating state. 


This bit can be set to “0” by instructions, by inputting a fall- 


ing edge to the INT pin, or beset 


Address 


Weveform output mode register 62:6 


Waveform output selection bit 
_ 00 ° Parallel port 
01 ! RTP1 selected 
10 ! RTPO selected oo 
- 11 !RTP1 and RTPO selected | 


— Polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 


Pulse width modulation selection bit . if 


_ by timer Al 
0 :.Not modulated 
1 i Modulated | 
Pulse width modulation selection bit 
by timer A3 
0: Not modulated 
1 : Modulated 
~ Waveform output control bit 
0 + Waveform output inhibited 
1. : Waveform output enabled 





~ Fig. 34 Waveform output mode register bit configura- 


tion 





Fig. 36 


. Address . 


TH lo AO mode register 5616 } 


Timer A2 mode register 5816 


Always“ ‘100” in pulse output 
port mode 


Not ised in pulse output port mode 
Always “00” in pulse output port mode. 


Clock source selection bit 


0 0 : Select f, 

01 : Select fig 
10 ° Select fe, 
1 1 : Select tera 





Fig. 35 Timer AO, A2 mode register bit configuration in 
pulse output port mode 


7 a = - che 2 Address 


Pulse output data register 1 6446 


Pulse output data bit of port P54 
Pulse output data bit of port P5s 
Pulse output data bit of port PS, 


Pulse output data bit of port P6 


76." 
= _ 3 2 ‘Address. 


Pulse output data register 0 654, 


Pulse output data bit of port P59: 


Pulse output data bit of port P5, 
Pulse output data bit of port P5, 
- Pulse output data bit of port P5, 


Pulse output data register bit configuration 
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Example of pulse output port (port P6o, P5., P5s, P5,4) 
Output signal at each time 


when timer A2 becomes 00004¢. fl : fl fl fl fl | fl fl fl 


Port P6, | | | | 4 | 

Port P5g | | | | | 

Port P5. | | = _ 
Port PSq | = —_ _ | } | | 


Example of pulse output port (port P6y, P5g, P5s, P5,) when pulse width modulation is applied by timer A3. 


Output signal at each time 


when timer A2 becomes 000016 f] fl fl | fl = fl . fl fl fl 

Port P65 LLL] | | = | 
— | LLL ULL : | 
: sae 7 : | | | | | LAL | | ] 

port " | | | ; | | TL | , 


Example of pulse output port (port P53~P5,) when pulse width modulation is applied 
by timer A1 with polarity selection bit=“1”". as 


Output signal at each time | . 


‘Port P53 








Port PS2 


| Port P5, 





Port PSo | 





Fig. 37 Example of waveforms in pulse output port mode 
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“SERIAL VO PORTS and stop bits. 


One serial 1/O port is provided. Figure 38 acne a block Figures 40 and 41 show the connections of receiver/trans- 
diagram of the serial |/O port. _ | ___ mitter according to the mode. . | 
Bits 0, 1, and 2 of the UARTO Transmit/Receive mode reg- Figure 42 shows the bit configuration of ue UARTO trans- : 
ister shown in Figure 39 are used to determine whether to mit/receive control register. | 
use port P8 as parallel port, clock synchronous serial |/O | Each communication method is described below. 


port, or asynchronous (UART) serial I/O port using start. 
Data bus( odd) 


Data bus(even) 


T0100] 0101 0 Dslby|D.]b,|D4]Da1D21D, [Da Flecene buffer register 


UARTO(3746, 3616) 


UART receive > 


=e peach Receive clock 


O . rs 

Bit rate Clock synchronous-o ; LS 
generator 

; UART transmission|_ 


Clock source selection ; Gnee 7 
— UARTO(31i6) —- PIT/16 Divider Transmission clock 
OEcontrol circui 


fo ——o 
Clock synchronous. 


Internal Clock synchronous © ; TxDo . 


f6a —o ew (Internal clock) T 
iy pal ivi le 
aa ae 1/2 Divider ——O . ransmission. register & 


f512—o 


fie —O 


erie Clock synchronous" Clock synchronous | 
_ (Internal clock) cesterpaliciocy) Transmission 
nO = Le = —— SRNSHAA ATM A tae eae 


5 UARTO(3315, 326) 





CTSo/RTSo 





Data bus 
(odd) 


Data bus(even) 





Fig. 38 Serial I/O port block diagram 


7 6 5 4 3 2-16 : Addresses 
eee ire Bs Og UART 0 Transmit/Receive mode PSOE 5 3016 
| Serial communication method selection bit 
0 0 0 : Parallel’ port 
‘ Clock synchronous 
. 7-bit VART 


: 8-bit UART 
110 : 9-bit UART 


— Internal clock/External clock selection bit 
0 : Internal clock 
1: External.clock 
-Stop bit length selection bit 
0 : 1 stop bit 
1 : 2-stop bits 
~Even/Odd parity selection bit 
Q : Odd parity 
1 : Even parity 
Parity enable selection bit 
- 0 . No parity : a: . 
1 : With parity 3 ; . a 
Sleep selection bit . 
0 : Nosleep . 
1: Sleep 
Fig. 39 UART 0 Transmit/Receive mode register bit configuration 
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SS 


2 stop bit Parity BR it Syachiane ae 
Stop Parity] Dn, 9b Receive 
bit bit 0 


r egister 
7 bit 
Synchronous 





1 stop bit Aided 


Syne hronous 





Fig. 40 Receiver block diagram 


Data bustedd). 


‘ied eet DUBCOWB I Soc oe ude lose eine Che ie hiageutand ta, Mela te we at ga be, 


oar Taare Pepe a ] puter resister 


2 stop bit “, § i i 
: 7 bit oe 
“ Q” Stop Stop d, peu r i 
bit bit 


ON 0 


Transmission register: 
1 stop bit Synchronous 


"0" 





Fig. 41. Transmitter block diagram 


. Addresses 
DX TKK XE pry| R/C UART 0 Transmit/Receive control register0 3416 


Clock source selection bit 
00 : Select f. 


01 : Select fi, 
10 : Select fea 
11 : Select f512 


CTS, RTS Selection bit 
0: Select CTS 
1 : Select RTS 


-Transmission register empty bit 


Addresses 
_UART 0 Transmit/Receive control register 1 3516 


Transmit enable flag 
Transmit buffer empty flag 
Receive enable flag 
Receive completion flag 
Overrun error flag 

Framing error flag 

Parity error flag 

Error sum flag 





Fig. 42. UART ) Transmit/Receive control register bit configuration 
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CLOCK ‘SYNCHRONOUS. SERIAL 
~COMMUNICATION 

A case where communication is ener between two 
clock synchronous serial I/O ports as shown in Figure 43 
- will be described. (The transmission side will be denoted 
_ by subscript j. and the receiving side will be denoted by 
subscript k.) : 


Bit 0 of the UARTj transmit/receive mode ragisiar and 
UARTk transmit/receive mode register must be set to “1” 
and bits 1 and 2 must be “0”. The length of the Canetlse io 


data is fixed at 8 bits. 


Bit 3 of the UARTj Paneniniseeive mode. vagieior of the | 


~ Clock sending side is cleared to “0” to select the internal 
clock. Bit 3 of the UARTk transmit/receive mode register of 
‘the clock receiving side is set to “1” to select the external 
clock. Bits 4, 5 and 6 are ignored in clock synchronous 
mode. Bit 7.must always be “0”. 


The clock source is selected by bit 0 (CSo) and bit 1 


(CS,) of the clock sending side UARTj transmit/receive 
control register 0. As shown in Figure 38, the selected 


clock is divided by (n +1), then by 2, passed through a - 


- transmisson control circuit, and output as transmisson clock 
_CLKj. Therefore, when the selected clock is fi, . 


Bit Rate=fi/ { (n+1)X2] 


On the clock receiving side, the CSp and CS; bits of the 
UARTk transmit/receive control register are gnorec) be- 
cause an external clock is selected. 
The bit 2 of the clock sending side UARTj transmit/receive 
- control register is clear to “0” to select CTSj input. The bit 
2-of the clock receiving side is set to “1” to select RTSk 
OUTPUT CTS, and RTS signals are described later. 





Transmission 


Transmission is started when the bit 0 (TEj flag) of UART|. 
transmit/receive control register 1 is “1”, bit 1 is (Tlj flag) -_ 
of one is “0”, and CTSj input is “L”. As shown in Figure 44, 





data is output from TxDj pin when transmission clock CLKj 


changes from “H” to “L”. The data is output from the least . 


Significant bit. 
The Tlj flag indicates whether the transmission buffer regis- 


ter is empty or not. It is cleared to “O” when data is written 


in the transmission buffer register and set-to “1” when the 


contents of the transmission buffer hogieter is transferred to 


the transmission register. | 4 
When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 


sion register if the next transmission start condition is satis- 
fied. If the bit 2 of UARTj transmit/receive control register 0 


is “1”, CTS} input is ignored and transmission start is con- 


trolled only by the TEj flag and Tlj flag. Once transmission 
has started, the TEj flag, Tlj flag, and CTSj signals are 





ignored until data transmission completes. Therefore, trans- — 


cleared. Bit 5 (FERk flag), 
_ (SUM k flag) are ignored in clock synchronous mode. 
cally from the transmission buffer register to the transmis- 


mission is not interrupt when iach eon is changed! to oH" - 
_. during transmission. 


The transmission start condition indicated by TEj flag, Tlj 





flag, and CTSj is checked while the Tenpj signal ‘shown in 


Figure 44 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission buffer register and Tlj flag is cleared to “0” before 
the Tenpj signal goes “H”. 

The bit 3 (TxEPTYj flag) of UART) transmit/receive control 
register O changes to “1” at the next cycle after the TEND} 
signal goes “H” and changes to “0” when transmission 
starts. Therefore, this. flag can be used to determine 
whether data transmission has completed. | 

When the Tlj flag changes from “0” to “1”, the interrupt re- 


quest bit in the UART] transmission interrupt control regis- 


ter is set to “1”. 


Receive 
Receive starts when itis. bit 2 (REx flag) of UARTk trans- 
mit/receive control register 1 is set to “1”. 





_ The RTSk output is “H” when the REx flag is “O” and goes: 


“L” when the REx flag changed to “1”. It goes back to “H” | 


~when receive starts. Therefore, the RTS output can be © 


used to determine whether the receive register is ready to 

receive. It is ready when RTSk output is “L”. 

The data from the RxDx pin is retrieved and the contents of 

the receive register is shifted by 1 bit each time the trans- 

mission clock CLKj changes from “L” to“H”. When an 8-bit — 
data is received, the contents of the receive register is 

transferred to the receive buffer register and the bit 3 (Rik 

flag) of UARTk transmit/receive control register 1 is set to 





“4” In other words, the. setting of the RI flag indicates that 


the receive buffer register contains the received data. At 


this point, RTSj output goes “L” to indicate that the next 


data can be received. When the Rik flag changes from “0”: 
to “1”, the interrupt request bit in the UARTk receive inter- 
rupt control register is set to “1”. Bit 4 (OERk flag) of 
UART transmit/receive control register is set to “1” when 
the next data is transferred from the receive register to the 


'. receive buffer register while Rlk flag is “1”, and indicates 


that the next data was transferred to the receive register — 


‘before the contents of the receive buffer register was read. 
Rik and OER\ flags are cleared automatically to “O” when 
‘the low-order byte of the receive buffer register is read. . 


The OERk flag is also cleared when the REk flag is 
bit 6 (PER flag), and bit 7 


As shown in Figure 38, with clock synchronous | serial com- 
munication, data cannot be received unless the transmitter 
is operating because the receive clock is created from the _ 
transmission clock. Therefore, the transmitter must be oper- 
ating even when there is no data to be sent from UARTk to. 


| UART}. 
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UART| transmission register , 
UART; transmission | 
buffer register 


UART; receive buffer register 


UART} receive register 


! 


_UART;| Transmit/Receive mode register UART, Transmit/Receive mode register 
ofxix[x}o}o} oy: | pol x|x]x]ifofofi 


UART} Transmit/Receive control UART, Transmit/Receive control 
register 0 | register 0 


RX Den! 0 Josifese | DAE ESE 


VARI] UransmitrRecene Couto! : UARTk Transmit/Receive control 
register 1 : register 1 


punyjeen [rehoen] wi | ne | | 7 sumfren|ren|oen| m | ne] m | 





Fig. 43. Clock synchronous serial communication 





Transmission —at—_be-1/f,X (n +1 )x2 


clock 


TH i) om 
Write in transmission buffer register Transmission register~-Transmission buffer register 
CTS; : 


—=t—f<— 1/f,X (n+1) X2 , | Stopped because TEj= “0’ 


CLKj 


Ten Dj 


TxD) 


TXEPTY 
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ASYNCHRONOUS | 
SERIAL COMMUNICATION 


Asynchronous serial communication can be performed us- 


ing 7-, 8-, or 9-bit length data. The operation is the same 
for ‘all data lengths. The following is ne tic for 8-bit 
asynchronous communication. 

With 8-bit asynchronous communication, ‘the bit.0 of UARTO 


_transmit/receive mode register is “1”, the bit iv is “0”, and | 


the bit 2 is “1”. 

Bit 3 is used to select an internal clock or an external 
clock. If bit 3 is “O”, an internal clock is selected and #f bit 3 
_is “1”, then external clock is selected. If an internal clock is 


selected, the’bit 0 (CS) and bit 1 (CS,) of UARTO trans- 
mit/receive control register 0 are used to select the clock | 


source. When an internal clock is selected for asynchro- 
nous serial communication, the CLK pin can be used as a 
normal I/O pin. 


= maid of Tan) (n+1) X16 


} Transmission clock 
TE 


_ Write in transmission buffer regisger 


CTSp 


TEND 


Start bit 


TxEPTY 


Parity bit Stop bit 


mo "HOON AN IOOOOOOOOe 





The selected internal or external clock is divided by (n+1), 
then by 16, and passed through a control circuit to create 
the UART transmission clock or UART receive clock. 
Therefore, the transmission speed can-be changed by > 
changing the contents n of the bit rate generator. If. the 
selected clock is an internal clock fi or an external clock 


fext, 
Bit Rate =(f or fext)/ | ($1) X16 f 


Bit 4 is the stop bit length selection bit to select 1 stop bit 
or 2 stop bits. | 
The bit 5 is a selection bit of odd parity or even parity. 

In the odd parity mode, the parity bit is adjusted so that the 


sum of the 1’s in the data and parity bit is always odd. 


In the even parity mode, the parity bit is adjusted so that 
the sum of the 1's in the data and parity bit is always even. 


Transmission register «-Transmission 


_ buffer tl 


Stopped because TE= “0.” 


ST KD KD) 


Fig. 45 Transmit timing example when 8-bit asynchronous.communication with parity and 1 stop bit is selected 


>| (1/f, or 1 Next) X (nt )X16 


Transmission clock | 


TE 


Write in transmission buffer register 
Tend | 


Start bit 


iD, OOOQOGOIOOGY? AHOOOOOOOQOOe # 


TXEPTY 





Transmission Saletan Trenance 


‘buffer register _ 
T Stopped because 


Stop Bit Stop Bit . TE= “0” 


ST ADs} D. 


Fig. 46 Transmit timing example when 9-bit asynchronous communication with no parity and 2 stop bits is selected 
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Bit 6 is the parity bit selection ‘bit which indicates whether 
to add parity bit or not. 

Bits 4 to 6 should be set or reset according to the data for- 
mat of the communicating devices. 

Bit 7 is the sleep selection bit. The sleep mode is de- 
scribed later. . 

The UARTO transmit/receive control regisger 0 bit 2 is 
used to determine whether to use CTS) input or RTSo out- 














put. CTS, input used if bit 2 is “O” and RTS output is used 


if bit 2 is “1”. 

If CTSo input is selected, the user can control whether to 
stop or start transmission by external CTS» input. RTS will 
be described later. 








Transmission 

Transmission is started when the bit 0 (TE flag) of UARTO 
transmit/receive control register 1 is “1”, the bit 1 (TI flag) 
is “O”, and CTSo input is “L” if CTS9 input is selected. As 
shown in Figure 45 and 46, data is output from the TxD, pin 
with the stop bit and parity bit specified by the bits 4 to 6 of 
UARTO transmit/receive mode register bits. The data is 
output from the least significant bit. 

The TI flag indicates whether the transmission butter is 
empty or not. It is cleared to “O” when data is written in the 
transmission buffer and set to “1” when the contents of the 
transmission buffer register is transferred to the transmis- 
~~ gion register. | 








i] 


When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally form the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. : 

Once transmission has started, the TE flag, Tl flag, and 
CTSo signal (if CTS input is selected) are ignored until 
data transmission is completed. 

Therefore, transmission does not stop until it completes 
even if the TE flag is cleared during transmission. 

The transmission start condition indicated by TE flag, TI 
flag, and CTS, is checked while the Tenp signal shown in 
Figure 45 is “H”. Therefore, data can be transmitted con- | 
tinuously if the next transmission data is written in the trans- 
mission butter register and TI! flag is cleared to 0 before the 
Tenp Signal goes “H”. 

The bit 3 (TxEPTY flag) of UARTO transmit/receive control 
register 0 changes to “1” at the next cycle after the Tenp 
signal goes “H” and changes to “0” when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmision is completed. 

When the TI flag changes from “0” to “1”, the interrupt re- . 
quest bit in the UARTO transmissoin interrupt control regis- 
ter is set to “1”. | 











Receive 

Receive is enabled when the bit 2 (RE flag) of UARTO 
transmit/receive control register 1 is set. As shown in Fi- 
gure 47, the frequency divider circuit at the receiving end 
begin to work when a start bit is arrived and the data is re- 
ceived. 


ry 
ot 
r 
v 


RE pS SS SSS SS SSS 


RxDo ; 


Receive 
Clock 


Starting at the falling 
edge of start bit 





Stop bit Start bit 


Fig. 47 Receive timing example when 8-bit asynchronous communication with no parity and 1 stop bit is selected 
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If RTS, output is selected by setting the bit 2 of UARTO 





transmit/receive control register 0 to “1”, the RTSo output is. 


“H” when the RE flag is “0”. When the RE flag changes to 
“1” the RTS, output goes “L” to indicate receive ready and 
returns to “H” once receive has started. In other words, 
RTS, output can be used to determine externally whether 
the receive register is ready to. receive. 

The entire transmission data bits are received when the 





start bit passes the final bit of the receive block shown in 


Figure 40. At this point, the contents of the receive register 
_is transferred to the receive buffer register and the bit 3 of 
UARTO transmit/receive control register 1 is set. In other 
words, the RI flag indicates that the receive buffer register 
contains data when it is set. If RTSo output is selected, 








RTS, output goes “L” to indicate that the register is ready: 


to receive the next data. 


The interrupt request bit in the UARTO receive interrupt 


control register is set when the RI flag Spee from .“Q” to 
aks Ht s 

The bit 4 (OER flag) of UARTO transmission central register 
1 is set when the next data is transferred from the receive 


register to the receive buffer register while the RI flag ‘is’ 


“1”. In other words when: an overrun error occurs. |f the 
OER flag is “1”, it indicates that the next data has been 
transferred to the receive buffer register before the con- 
tents of the receive butter register has been read. 

Bit 5 (FER flag) is set when the number of stop bits is less 
than required (framing error). 

Bit 6 (PER flag) is set when a parity error occurs. 


Bit 7 (SUM flag) is set when either the OER flag, FER flag, 


or the PER flag is set. Therefore, the SUM flag can be used 
to determine whether there is an error. 


The setting of the RI flag, OER flag, FER flag, and the PER 


flag is performed while transferring the contents of the re- 


ceive register to the receive buffer register. The OER, FER, . 


PER, and SUM flags are cleared when the low order byte 
of the receive buffer register is read or when the RE flag is 
cleared. . 


Sleep mode 
The sleep mode is used to communicate only between cer- 


tain microcomputers when multiple microcomputers are 


connected through serial I/O. 

The sleep mode is entered when the bit 7 of UARTO trans- 
‘mit/receive mode register is set. | 
The operation of the sleep mode for an’8-bit asynchronous 
communication is described below. 


When sleep mode is selected, the contents of the receive. 


register is not transferred to the receive buffer register if 
bit 7 (bit 6 if 7-bit asynchronous communication and bit 8 if 
9-bit asychronous communication) of the received data is 


“Q”. Also the RI, OER, FER, PER, and the SUM flag are un- | 


changed. Therefore, the interrupt request bit of the 
UARTO receive interrupt control register is also unchanged. 


Normal receive operation takes place when bit 7 of the re- 
ceived data is “1”. 

The following is an example of how the sleep mode can 1 be 
used. 

The main microcomputer first sends data with bit 7 set to 
“1” and bits 0 to 6 set to the address of the subordinate | 
microcomputer which wants to communicate with. Then all 
subordinate microcomputers receive the same data. Each 


subordinate microcomputer checks the received data, 


clears the sleep bit if bits 0 to 6 are its own address and 
sets the sleep bit if not. Next the main microcomputer 
sends data with bit 7 cleared. Then the microcomputer with 
the sleep bit cleared will receive the data, but the micro- 
computer with the sleep bit set will not. In this way, the 
main microcomputer is able to communicate with only the 
designated microcomputer. 
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WATCHDOG TIMER 

The watchdog timer is used to detect unexpected execu- 
tion sequence caused by software run-away. 

Figure 48 shows a block diagram of the watchdog timer. 
The watchdog timer consists of a 12-bit binary counter. 

The watchdog timer counts the clock frequency divided by 
32 (fg2) or by 512 (f512). Whether to count fg. or fs12 is de- 
termined by the watchdog timer frequency selection flag 
shown in Figure 49. fs,2 is selected when the flag is “O” and 
fg0 is selected when it is “1”. The flag is cleared after reset. 


Watchdog timer 
frequency selection (connection forced to f32 during 
STP instruction execution) 


Voc 


FFF is set in the watchdog timer when “L” or 2Vcc is ap- pecan 


plied to the RESET pin, STP instruction is executed, data is 
written to the watchdog timer, or the most significant bit of 
the watchdog timer become “0”. 

After FFFig is set in the watchdog timer, the contents of 
watchdog timer is decremented by one at every cycle of 
selected frequency fz. or fs;2, and after 2048 counts, the 
most significant bit of watchdog timer become “0”, and a 
watchdog timer interrupt request bit is set, and FFFi. is 
preset in the watchdog timer. 

Normally, a program is written so that data is written in the 
watchdog timer before the most significant bit of the watch- 





dog timer become “0”. If this routine is not executed due to Address 
unexpected program execution, the most significant bit of Watchdog timer — 1, 
: een be ate frequency selection 
the watchdog timer become eventually “O” and an interrupt 
is generated. —_ | | 0 : Select f512 
The processor can be reset by setting the bit 3 (software |: Select f32 


reset bit) of processor mode register described in Figure 
10 in the interrupt section and generating a reset pulse. 

The watchdog timer stops its function when the RESET pin 
voltage is raised to double the Vcc voltage. 

The watchdog timer can also be used to recover from when 
the clock is stopped by the STP instruction. Refer to the 
section on clock generation circuit for more details. 

The watchdog timer hold the contents during a hold state . 
and the frequency is stopped to input. 





Fig. 49 Watchdog timer frequency selection flag 
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RESET CIRCUIT : 
Reset occurs when the RESET pin is returned to “H” leve ba 
after holding it at “L” level when the power voltage is at 5V M37730S2FP: 
+10%. Program execution starts at the address formed by 
setting the address pins Az3~ Are to 0016, Ais~ Ag to the 
contents of address FFFF,., and A7z~ Ag..to the contents of 
address FFFE4.. ( a aN 
Figure 50 shows the status of the internal registers when a 
reset occurs. te 

Figure 51 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.9V or lower when the power vol- Bet, ee a 
tage reaches 4.5V. | - | aa | maf Fig. 51 Example of a reset circuit (perform careful 

| | evaluation at the system design level before using) 








Address | Adareas 




















—s 
Rud 


(1) Port P4 data directional register (OC4¢)*-" | Om, “Timer AO interrupt control register. = (7516) IX)XPX}X} of 0} of 0 
(2) Port P5 data directional register (OD1.)-" (4) Timer At interrupt control register (7616)°"" DDXDXIX] 0 | 0| 0, 0 
(3) Port P6 data directional register (106) |e | (25) Timer A2 interrupt control register (7716)*"* XXX of 0] 0 0 

| (4) Port P8 data directional register ( 14s¢)** 26) Timer A3 interrupt control register (7816)**° DDD x] 0 | 0 | 0} 0 

- (5) UART 0 Transmit/Receive mode register (3016)°*: 7) Timer A4 interrupt control register (7946) NK xIK)X/ 0] 0] 0 0| 

| (6) UART 0 Transmit/Receive control register 0 (3446)°™ DDXDXIX] 1 0 | 0| 0| (28) Timer BO interrupt control register (7Ay6)** NN of ol ol o 
(7) UART 0 Transmit/Receive control register 1 (354): 'o]o[0]o]o]o]1/0] (9) INT interrupt control register (7Di6)-"" X)X{ 0} 0] 0] 0] 0] 01 

(8) Count start flag (40,6)°* IX)X| 0| 0 0/0] 0/0) (0) INT, interrupt control register © (7Ei6)* XX} o}o]ojolo 0 

| (9) One-shot start flag (4216)° XX)X{ 0] 0{ 0} 010 31) INT 2 interrupt control register. (7Fig)*" XX/0 [0] 0} 0] 0] o| 

40) Up-down flag (44,6)°" (2) Processor status register PS }0} 2/2} 0;0/0] 1212] 
(11) Timer AO mode register (5646) °°° (3) Program bank register PG Om 
(12) Timer A1 mode register (S72) (4) Program counter PCy, 

(13). Timer A2 mode register (5816)°*° (@§) Program counter PC, 
(4) Timer A3 mode register (5916)°°° (6). Direct page register DPR 
(1) Timer A4 mode register (SAi6)"* G7) Databank register DT | 0046 

[o}o|+ x[o/o/o/o) 


Timer BO mode register (5Byg) }o}1)x{olojojo 
Processor mode register (SE16)* }olofolojol1 
Watchdog timer (6016)°*° FFF 46 
XX 
Yo] o]o)X/o 
XXX 0/9 [0] 
XXXI}0/ 0] 0 


— 
— 
= 


|o | 


— 
oo 
to 


— 
se 


Watchdog timer frequency selection flag (6146)°°° 


xX 


. (20) Waveform output mode register (6216): 


Se] 


| (21) _UART 0 transmission interrupt contro! register (71 16)°°" 


Contents of other registers and RAM are not initialized and should be in- 
itialized by software.. ; 


D< 


(22) UART 0 receive interrupt control register (7246)°°° 


Fig. 50 Microcomputer internal status during reset 


/ 








2-216 


MITSUBISHI MICROCOMPUTERS 


M37730S2FP,M37730S2AFP,M37730S2BFP 


M37730S2SP,M37730S2ASP,M37730S2BSP 


16-BIT CMOS MICROCOMPUTER 





INPUT/OUTPUT PINS 

Ports P4, P5, P6, P8 all have a data direction register and 
each bit can be programmed for input or output. A pin be- 
comes an output pin when the corresponding data direction 
register is set and an input pin when it is cleared. 

When pin programmed for output, the data is written to the 
port latch and it is output to the output pin. When a pin is 
programmed for output, the contents of the port latch is 
read instead of the value of the pin. Therefore, a previously 
output value can be read correctly even when the output 
“L” voltage is raised due to reasons such as directly driving 
an LED. 


* Port P43~P4, (Inside dotted-line not included) 


A pin programmed for input is floating and the value input 
to the pin can be read. When a pin is programmed for in- 
put, the data is written only in the port latch and the pin. 
stays floating. 

If an input/output pin is not used as an output port, clear 
the bit of the corresponding data direction register so that 
the pin become input mode. 

Figure 52 shows a block diagram of ports P4, P5, P6, P8& 
and the E pin output. 

In evaluation chip mode, port P4 is also used as control sig- 
nal pins. 

Refer to the section on processor modes for more details. 


Port P47, P57, P6;~P67, P82 (Inside dotted-line included, but P8, is without hysterisis) 


Data bus 





* Port P83 (Inside dotted-line not included) 


Port P5p~P5¢, P69 (inside dotted-line included) 


Data direction 
register 


' 
| 


Port latch 


* Port P89, P8,, 


Data bus 





Fig. 52 Block diagram for ports P4, P5, P6, P8 and the E pin output 
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PROCESSOR MODE 
The bits.0 of processor mode register as shown in Figure 
53 is used to select either, microprocessor mode, or eva- 
luation chip mode. 


Figure 54 shows the functions of Ao to A7 pins, Ag/Dg to Aoa/ | 


D7 pins, and port P4 in each mode. 


The external memory area changes when the mode - 


| changes. 

Figure 55 shows the memory map for each mode. 

The accessing of the external memory is affected by the 
BYTE pin and the bit 2 (wait bit) of processor mode regis- 
ter . These will be described next. 


Perr ae se 
a 


Processor mode bit 


eBYTE pin 


When accessing the external memory, the level of the 
BYTE pin is used to determine whether to use the data bus. 
as 8-bit width or 16-bit width. 

The data bus width is 8 bits when the level of the BYTE pin 
is “H” and Aj¢6/Do to Az3/D7 become the data I/O pin. 

The data bus width is 16 bits when the level of the BYTE 
pin is “L” and Ay6/Do to Az3/D7 pins and Ag/Dg to Ais/Di5 
pins become the data I/O pins. 

When accessing the internal memory, the data bus width is 
always 16 bits regardless of the BYTE pin level: 


Address 


Processor mode register SEi6 


Q : Microprocessor mode 


1 : Evaluation chip mode 


This bit must be “1” (It is set to “1” after a reset) 


Wait bit 
0 : Wait 
1 :? No Wait 


Software reset bit 


Reset occurs when this bit is set to 1 


Interrup priority resolusion time selection bit 
00 : Select 1/f( Xin) X14 
01 : Select 1/f(Xiy)X 8 


1 0 : Select 1/f(Xin)X 4 


Test mode bit 


This bit must be “0” 


Fig. 53 Processor mode register bit configulation 
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Evaluation Chip Mode 


Same as left 
Same as left 


Ay Pee re eee ae i 
As/D 
a cae 
Ais/ Dis 


Port P4, PS and their direction regis- 


Microprocessor Mode 


Address A7~Ao 


Ais~ As y, LI 
As/D 


Ais/Dis 


















E | | 
As/Dz | 
§ Address Ais~Ag 








ters are treated as 16-bit wide bus. 





Ao3 ~ Ate ; 
‘even 


‘Data 
(even, odd) 


Same as left 











; 7 een 
: Azz ~ Ais 

ie ( Address } ore 

Aoa/D> | (even, odd) 


Same as Ag/Dg to Ay5/D 15 
















1/O Port 










Port P4 





Fig. 54 Processor mode and Ap to A; pins, Ag/Ds to Az3/D7 pins and port P4 functions 
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eWait bit | 
As shown in Figure 56, when the external memory area is 
accessed with the processor mode register bit 2 (wait bit) 
cleared to “0”, the “L” width of E signal becomes twice 
compared with no wait (the wait bit is “1”). The wait bit is 
cleared during reset. | ; 
The accessing of internal memory area is performed in no 
_wait mode regardless of the wait bit. 
The processor modes are described below. 


_ Microprocessor — Evaluation chip 
mode mode 


The shaded area is the external memory area. 





Fig. 55 External memory area for each processor 
mode. | | 


Internal clock? 


bs Ai/Dj XK _ XdataX —_ data) 
Wait bit E Address Address 


“4 


Address - Address 


Wait bit 
“Q” 





Fig. 56 Relationship between wait bit and access time 


(1) Microprocessor mode (10) — 
Microprocessor mode is entered by connecting the CNVss 
pin to Vcc and starting from reset. 
As/Dg to Ays/Dis pins have two functions depending on the 
level of the BYTE pin. : 
When the BYTE pin level is “L”, Ag/Dg to A;,/Di5 pins func- 
tion as an address output pin while E is “H” and as an odd 
address data I/O pin while E is “L”. However, if an internal 
memory is read, external data is ignored while E is “L”. 
When the BYTE pin level “H”, Ag/Dg to Ays5/D45 pins func- 
tion as an address output pin. os | 
Ai¢/Do to Az3/D7 pins have two functions depending on the. 
level of the BYTE pin. | | 
When the BYTE pin level is “L”, Ayg/Do~Az3/D7 pins func- 
tion as an address output pin while E is “H” and as an even 
address data |/O pin while E is “L”. However, if an internal 
memory is read, external data is ignored while E is “L”. 
When the BYTE pin level is “H”, A;g/Do~Az3/D7 pins func- 
tions as an address output pin while E is “H” and as an 
even and odd address data I/O pin while E is “L”. Howev- 
er, if an internal memory is read, external data is ignored 
while E is “L”. ‘i | 
R/W is a read/write signal which indicates a read when it. 
is “H” and a write when it is “L”. | 
BHE is a byte high enable signal which indicates that an 
odd address is accessed when it is “L”. 
Therefore, two bytes at even and odd addresses are 
accessed simultaneously if address A is “L” and BHE is 
bal Daas 
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ALE is an address latch enable signal used to latch the 
address signal from a multiplexed signal of address and 
data. The latch is transparent while ALE is “H” to let the 
address signal pass through and held while ALE is “L”. 
HLDA is a hold acknowledge signal and is used to notify 
externally when the microcomputer receives HOLD input 
and enters into hold state. . 

HOLD is a-hold request signal. It is an input signal used to 
put the microcomputer in hold state. HOLD input is 
accepted when the internal clock ¢ falls from “H” level to 
“L” level while the bus is not used. Ap to A7 pins, Ag/Dg to 
Ao3/D7 pins, R/W pin and BHE pin are floating while the 
microcomputer stays in hold state. These ports are floating 
after one cycle of the internal clock ¢ later than HLDA sig- 
nal changes to “L” level. At the removing of hold state, 
these ports are removed from floating state after one cycle 
of ¢ later than HLDA signal changes to “H” level. 

RDY is a ready signal. lf this signal goes “L”, the internal 
clock ¢ stops at “L”. ¢, output from clock ¢, output pin 
doesn't stop. RDY is used when slow external memory is 
attached. 

(2) Evaluation chip mode (11) 

Evaluation chip mode is entered by applying voltage twice 
the Vcc voltage to the CNVss pin. This mode is normally 
used for evaluation tools. 

Ae/Dg to Ajs/Di5 functions as an address output pin while E 
is “H” and as data I/O pin of odd addresses while E is “L” 
regardless of the BYTE pin level. However, if an internal 
memory is read, external data is ignored while E is “L”. 
Aig/Do to Ao3/D7 function as an address output pin while E 
is “H” and as data I/O pin of even addresses while E is “L” 
when the BYTE pin level is “L”. However, if an internal 
memory is read, external data is ignored while E is “L’. 
When the BYTE pin level is “H”, Ayg/Do to Ao3/D7 functions 
as an address output pin while E is “H” and as data |/O pin 
of even and odd addresses while E is “L”. However, if an 
internal memory is read, external data is ignored while E is 
gt ee 

Port P4 and its data direction register which are located at 
address 0A;g and OCi, are treated differently in evaluation 
chip mode. When these addresses are accessed, the data 
bus width is treated as 16 bits regardless of the BYTE pin 
level, and the access cycle is treated as internal memory 
regardless of the wait bit. 

Ports P43 to P44 become MX, QCL, VDA, and VPA output 
pins respectively. Port P4; becomes the DBC input pin. 

The MX signal normally contains the contents of flag m, but 
the contents of flag x is output if the CPU is using flag x. 
QCL is the queue buffer clear signal. It becomes “H” when 




















the instruction queue buffer is cleared, for example, when a | 


jump instruction is executed. 

VDA is the valid data address signal. It becomes “H” while 
the CPU is reading data from data buffer or writing data to 
data buffer. It also becomes “H” when the first byte of the 





instruction (operation code) is read from the instruction 
queue buffer. | 
VPA is the valid program address signal. It becomes “H” 
while the CPU is reading an instruction code from the in- 
struction queue buffer. 

DBC is the debug control signal and is used for debugging. 
Table 5 shows the relationship between the CNVgg pin in- 
put levels and processor modes. 





Table 5. Relationship between the CNV¢ggz pin input 
levels and processor modes 


Description 
Microprocessor mode upon 
starting after reset. Evaluation 





* Microprocessor 
* Evaluation chip 
chip mode can be selected 
by changing the processor 





mode bit by software. 
* Evaluation chip mode only. 








¢ Evaluation chip 
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CLOCK GENERATING CIRCUIT | 
‘Figure 57 shows a block diagram of the clock generator. | 
When an STP instruction is executed, the internal clock ¢ 
stops oscillating at “L” level. At the same time, FFF. is 
written to watchdog timer and the watchdog timer input 
connection is forced to f32. This connection is broken and 
connected to the input determined by the watchdog timer 
frequency selection flag when the most significant bit of the 
‘watchdog timer is cleared or reset. 

Oscillation resumes when an interrupt is received, but the 

internal clock ¢ remains at “L” level until the most signifi- 
cant bit of the watchdog timer is cleared. This is to avoid 
the unstable interval at the start of oscillation when using a 
ceramic resonator. 
When a. WIT instruction is: executed, the internal clock ¢ 
stops at “L” level, but the oscillator does not stop. The 
clock is restarted when an interrupt is received. Instructions 
can be executed immediately because the oscillator is not 
stopped. 


M37730S2FP — 


Interrupt request 


STP instruction 


Internal clock ¢ . 


fre 


Fig. 57 Block diagram of a clock generator 





The stop or wait state is released when an interrupt is re- 
ceived or when reset is issued. Therefore, interrupts must 
be enabled before executing a STP or WIT instruction. 

Figure 58 shows a circuit example using a ceramic (or 
quartz crystal) resonator. Use the manufacturer's recom- 
mended values for constants such as capacitance which 


differ for each resonator. Figure 59 shows an example of. 


using an external clock signal. 


ADDRESSING MODES 

The M37730S2FP has 28 powerful addressing modes. Re- 
fer to the MELPS 7700 addressing mode a als for the 
details of each addressing mode. 


MACHINE INSTRUCTION LIST | 
The M37730S2FP has 103 machine instructions. Refer to 
the MELPS 7700 machine instruction list for details. 


M37730S2FP 


STP instruction 


“Watchdog ] 
timer 
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ABSOLUTE MAXIMUM RATINGS 


Supply voltage (ees =0:3=7 fava 
Input voltage RESET, CNVss, BYTE 


Input voltage Ag/Dg~Az3/D7, P43~P47, P5o~ P57, 
P6y~P67, P8o~P8s, Xin, HOLD, : . —0. 3~Vecto. 3 V 
RDY . 


Output voltage Ag~A7, Ag/Dg~Az3/D7, P4g~P4z, 
P5o~P57, P69~~P67, P89~P83, Xour, \ 
us —0.3~V 0.3 V 
E, ¢,, HLDA, ALE, BHE, ; oot 
R/W | 




















Power dissipation Tag=25C 300 (Note) 


Topr Operating temperature —20~85 
| —40~150 


Note. In case of shrink plastic molded DIP, rating of power dissipation is 1000mW. 











RECOMMENDED OPERATING CONDITIONS (Voo=5V+10%, Ta=—20~85°C, unless otherwise noted) 


Limits 
Symbol Parameter ——— 
Min. Typ. 
Voc 


Supply voltage 4.5 5.0 








Supply voltage 0 


i ee 
High-level input voltage P43~P47, P59o~P57, P69 ~P6,, 
Vin P89 P83, XIN; RESET, CNVss, * 
BYTE, HOLD, RDY 
et te 
40:5. 














High-level input voltage Ag/Dg~Aoe3/D7 





Low-level input voltage P43,~P4,, P5g~P57, P69~P6r, 
P89~ P83, Xin, RESET, CNVsgs, 
BYTE, HOLD, RDY 


ViL Low-level input voltage Ag/Dg~Ao3/D7 
High-level peak output current Ag~Az7, Ag/Dg~Ao3/Dz, 
P43~P47, P5p~P57, P6p~P67, 
OH( peak) P85~P83,41, HLDA, 
ALE, BHE, R/W 


High-level average output current Ag~A7, Ag/Dg~Ao3/Dz, 


























iweave P43~P4z, PSo~ P57, P69~ P67, 
- P8~P83,¢1, HLDA, 
ALE, BHE, R/W ~ 
Low-level peak output current Ap~A7, Ag/Dg~Ao3/D7, 
eieeaic P4,~P4,, PSo~ P57, P69~ P67, 
; P89>~P83, 4, HLDA,. 
ALE, BHE, R/W 
Low-level average output current Ag~A7, Ag/Dg~Ao3/D7, 
een P43~P47, PSy~P57, Po~P6r, 
P89~P8s, ¢,, HLDA, 
ALE, BHE, R/W 
M37730S2FP, M37730S2SP | 8 
f(Xin) External clock frequency input | M37730S2AFP, M37730S2ASP 16 MHz 


M37730S2BFP, Ma7730szesP| =| st 


Note 1. Average output current is the average value of a 100ms interval. 
2. The sum of lo.(peak) for Ag~A7, Ag/Dg~Az3/D7, HLDA, ALE, BHE, R/W, and port P8 must be 80mA 
or less, 
the sum of lon(peak) for Ag~Az, As/Ds~ Azs/Dr, HLDA, ALE, BHE, R/W, and port PS must be 80mA 
or less, 
the sum of lo.(peak) for ports P4, P5, P6, and ¢, must be 80mA or less, and 
the sum of lou(peak) for ports P4, P5, P6, and ¢ must be 80mA or less. 
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MITSUBISHI MICROCOMPUTERS 


_M37730S2FP, M37730S2AFP, M37730S2BFP 
_M37730S2SP, M37730S2ASP M37730S2BSP_ 


16-BIT CMOS MICROCOMPUTER 








M37730S2FP 
ELECTRICAL CHARACTERISTICS ‘ (Voc=5V, Vgs=0V, Ta=25, f(Xin) =8MHz, unless ener nated) 


| . - Limits 
Parameter Test conditions e eres 


High-level output voltage Ag~Az, Ag/Dg~Az3/D7, 
P43~P47, P5p~P57, P6y~P6r, 
P8y>~P83, $1, HLDA, 
BHE, R/W 
Vv High-level output voltage Ag~Az, Ag/Dg~Ao3/Dz7, 
wae $1, HLDA, BHE, R/W 


lon= 1 OmA 


lon=—400KA 





lon= —400uA 
OH™ —10mA 
lon= —400uA ; 





Vou High-level output voltage ALE 











Vou High-level output voltage E 








Low-level output voltage Ag~A7, Ag/Dg~Ao3/D7z, 
P4,~P47, P5g~P57, P69~P6;, 
P8)~P83, ¢1, HLDA, 
BHE, R/W 

Low-level output voltage Ag~A7, As/Dg~Ao3/D7, 
¢1, HLDA, BHE, R/W 








VoL lop=10mA. 





Voi 











VoL Low-level output voltage ALE 

















Low-level output voltage E 





Hysteresis HOLD, RDY, TAQij~TA4in, TBO, 
INTo~INT2, CTSo, CLKo 

Hysteresis RESET 

-Hysteresis Xj 














High-level input current Ag/Dg~Ao23/Dz, P4,~P4z, 
P59~P57, P69~P67, P89~P83, 
~ Xin, RESET, CNVogg, BYTE, 
_ HOLD, RDY 


Low-level input current Ag/Dg~Az3/D7, P43~ P47, ton 
ez eo 














P5o9~ P57, P6o~ P67, P89~ P83, 
Xin, RESET, CNVss, BYTE, 
HOLD, RDY 
RAM hold voltage : __| When clock is stopped. 
sf tide 
f(Xin) =8MHz, 
square waveform 
Ta=25°C when clock 
[ is stopped. 
Ta=85C when clock 
is stopped. 

















' Output only pin is 
Power supply current , . a open and other pins 
are Vgs during reset. 





























£55 _ MITSUBISHI 
ica ) ELECTRIC: 





MITSUBISHI MICROCOMPUTERS 


M37730S2FP, M37730S2AFP,M37730S2BFP 
M37730S2SP,M37730S2ASP,M37730S2BSP 


16-BIT CMOS MICROCOMPUTER 





M37730S2AFP 
ELECTRICAL CHARACTERISTICS (Voc=5V, Vss=0V, Ta=25C, f(X;y) =16MHz, Gniese- othenwise:nciea) 


Symbol Parameter Test conditions 


aera fae = 


High-level output voltage Ag~A7, Ag/Da~Az3/D7, | 
Vv P43~P4,, P59~ P57, P69~ P67, | aks 
a P89~ P83, 4, HLDA, oH 
BHE, R/W 
4.7 - 


Vv High-level output voltage Ag~A7, Ag/Dg~Az23/D7, a dass ANIA 
oe $1, HLDA, BHE, R/W oF e 


































Vv High-level output voltage ALE lone = mh 
igh-level output voltage 
OH p g lon=—400WA : 8 
7 ‘ — lonx=—10mA 3.4 
Vou High-level output voltage E 
on=—400uA 4.8 
Low-level output voltage Ap~A7, Ag/Dg~Az3/D7, 
P43~P47, P59~P57, P6p~P6y, 
V ——- Io. =10mA » V 
ahr S P8o~P83, 4, HLDA, ie 
BHE, R/W 

























Vv Low-level output voltage Ag~A7, Ag/Dg~Az3/D7, oar 
it Ai an ty > —_— m 
or ¢,, HLDA, BHE, R/W e 


ms 


lor=10mA 1.9 
VoL Low-level output voltage ALE — +~ 
— 


V 
0. 43 
Vv Low-level output voltage E oe see V 
ow-level output voltage . 
OL ee 0. 4 
Hysteresis HOLD, RDY, TAO n~ TA4in, TBO, 
Vr+—Vr— TRI cIRE ES. 
INTo~ INTs, CTS, CLKg 


Vr4—Vr- | Hysteresis RESET 
Vrr—Vr— | Hysteresis Xn SoS aS CMR Ca Ge Sa 


High-level input current Ag/Da~Aps/Dy, P43;~P4,, 
P59~P57, P69~ P67, P89~ P8s, 
Xin, RESET, CNVgg, BYTE, 

HOLD, RDY - 

Low-level input current Ag/Dg~Az3/D7 P43~P4z, 


" P5g~P57, P6y>~P67, P8y>~P8s, | 
Biidites Vi=0V ae 7 
i Xin, RESET, CNVgg, BYTE, sds 5 | uA 
HOLD, RDY | 
ts oe t—— 


Vram RAM hold voltage When clock is stopped. . Z | Vo 

| | (Xi) =16MHz, al 
square waveform 
Ta=25° when clock 
is stopped. | 


Ta=85C when clock 
is stopped. 




















































lw Vi=5V 5 LA 




















































Output only pin is 
loc Power supply current open and other pins 





are Vss during reset. 
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MITSUBISHI MICROCOMPUTERS 


M37730S2FP, ,M37730S2AFP, M37730S2BFP 
_M37730S2SP,M37730S2ASP,M37730S2BSP 


16-BIT CMOS MICROCOMPUTER 





M37730S2BFP 
ELECTRICAL CHARACTERISTICS | (Voc=5V, Ves=0V, Ta=25C, f(Xin) =25MHz, unless otherwise noted) 


Limits 


High-level output voltage Ag~Az, Ag/Dg~Az3/Dr, , 
P43~P47, P5p~P57, P6y~P6r, il —joma . 
P89>~P83, ¢;, HLDA, . & 
. BHE, R/W . 


High-level output voltage Ao™ Az, Ag/Dg~Ao3/D7, , 
lon=—400uA 4, 
¢1, HLDA, BHE, R/W 4 



































lou= —10mA 
High- -level output voltage ALE 

lonp=—400uA 

lon=—10mMA 
High-level output Gohaue E 

lon=— 400A 


Low-level output voltage Ag~Avz, Ag/De~Apa/Dy, 
P43~P47, P5p~P57, P6y~P6r, 
P89~P83, ¢1, HLDA, 

BHE, R/W 

Low-level output voltage Ag~A7, Ag/Dg~Ao3/Dy, 

¢1, HLDA, BHE, R/W 













































loL=1 OmA 
lol =2mA 


loL=10mMA 
Low-level output voltage E 
Hysteresis HOLD, RDY, TAOin~ TA4in, TBOw, ‘ ; 
Vr4+—Vr— : : 0. 4 
INTo~INTo, CTSo, CLKo ; : 
Hysteresis RESET 
| Hysteresis Xin 








Low-level output voltage ALE 































High-level input current Ag/Dg~Az3/D7, P43~P4z, 
P5o~ P57, P69~ P67, P89~ P83, 
_ Xin, RESET, CNVss, BYTE, 
HOLD, RDY | 
Ag/Dg~Az3/D7, P43~P4z, 
P5o~P57, P69~P67, P89~P83, 
Xin, RESET, CNVgg, BYTE, 
HOLD, RDY 
























Low-level input current 























When clock is stopped. 2 V 
f( Xin) =25MHz, 
square waveform 
Ta=25C when clock 
[ is stopped. 


A 
Ta=85°C when clock | . 20 a 
is stopped. 


RAM hold voltage 












19 38 mA 









Output only pin is 
open and other pins 













Power supply current 











are Vsg during reset. 

























(2-206 a re MEorC 


MITSUBISHI MICROCOMPUTERS 


M37730S2FP,M37730S2AFP ,M37730S2BFP 
M37730S2SP ,M37730S2ASP,M37730S2BSP 


16-BIT CMOS MICROCOMPUTER 





TIMING REQUIREMENTS (Vcc=5V+10%, Vss=0V, Ta=25C, unless otherwise noted) 
External clock input 


Limits 


Parameter 


External clock input cycle time 
External clock input high-level pulse width 





External clock input low-level pulse width. 
External clock rise time 


lt External clock fall time 

















Microprocessor mode 


Limits 








Symbol Parameter 





wW!> 
oO 


tsu(bH—E) Data high-order input setup time 








WwW 
io) 


tsu(pL—e) Data low-order input setup time 








e)) 
oO 


tsu(pap—e) | Port P4 input setup time 








e)) 
oO 


tsu(psp—e) Port P5 input setup time 





fe?) 
i>) 


tsu( p6eDp—e) Port P6 input setup time 








ie?) 
i) 


tsu(psp—eE) Port P8 input setup time 


RDY input setup time 
HOLD input setup time 
Data high-order input hold time 
Data low-order input hold time 
Port P4 input hold time 
Port P5 input hold time 
Port P6 input hold time 
| Port P8 input hold time 


th(¢;—RDY) RDY input hold time 








on 
oO 









































th(¢,—HoLb) | HOLD input hold time 
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_ MITSUBISHI MICROCOMPUTERS 


_M37730S2FP, M37730S2AFP, M37730S2BFP 
_M37730S2SP, M37730S2ASP,M37730S2BSP 


16-BIT CMOS MICROCOMPUTER 





Timer A input (Count input in event counter mode) 


Symbol Parameter 8 MHz 16MHz 
Min. | Max. | Min. | Max. | Min. | 
TAin input eyele time 250 125 ae i oe 


TAiy input high-level pulse width PO cae lle Mec et Oa ene 
TAiin input low-level pulse width 125 ae ee ee a ee ee 






























Timer A input (Gating input in timer mode) — 


tetra: | TAijy input cycle time 


TAin input high-level pulse width 
bettas << TAin input low-level pulse width 








Timer A input (External trigger input in one-shot pulse mode) 


. TAin input cycle time ee 
TAin input high-level pulse width PS 250. | = = 
TAin input low-level pulse width | 2500 | —s ||: 125 | 





Timer A input (External trigger input in pulse width modulation mieiie) 


TAin input high-level pulse width 
TAiin input low-level pulse width = 





Timer A input ( Up- -down input in event counter mode) 


oe all ae time 


TAlour input hold time 
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MITSUBISHI MICROCOMPUTERS 


M37730S2FP.M37730S2AFP,M37730S2BFP 
M37730S2SP_M37730S2ASP.M37730S2BSP 


16-BIT CMOS MICROCOMPUTER 





Timer B input (Count input in event counter mode) 


Symbol Parameter 


| 
J a 






















Timer B input (Pulse period measurement mode) 








Symbol . Parameter 
tc(TB) TBOw input cycle time 
tw(1TBH) TBO input high-level pulse width — 500 
tw(TeBL) TBOw input low-level pulse width 








‘Limits 
16MHz 25MHz 
Min. | 


Timer B input (Pulse width measurement mode) 


Symbol Parameter 


tc(tB) TBOw input cycle time 
tw(1TBH) TBO input high-level pulse width 








tw(TBL) TBOn input low-level pulse width 


Serial I/O 


| imits 
Symbol | Parameter 


CLKg input cycie time 

tw(cKH) CLKo input high-level pulse width 
CLKog input low-level pulse width 
TxD output delay time 
TxDp hold time 


RxDo input setup time 
RxDo input hold time 



































External interrupt INT] input | 
Limits 


Symbol Parameter 


INT; input high-level pulse width 


tWINL) INT; input low-level pulse width 

















MITSUBISHI MICROCOMPUTERS | 


---s« M37730S2FP,M37730S2AFP,M37730S2BFP 
__ M37730S2SP,M37730S2ASP,M37730S2BSP 


16-BIT CMOS MICROCOMPUTER 





Y 


SWITCHING CHARACTERISTICS (Vcc=5V£10%, Vss=0V, Ta=25°C, unless otherwise noted) 
Microprocessor mode (when wait bit = 1") — : 


Symbol | . Parameter. Test conditions 


tdiaL—e) © Address low-order output delay time 








td(—E—DHa) | Data high-order output delay time (BYTE=“L”) 


texz(e—pHz) | Floating start delay time (BYTE=“L”) | 


td(am—e) _._ | Address middle-order output delay time 
td(am—ace) | Address middle-order output delay time 
td(e—pLq@) | | Data low-order output delay time 


tpxz(eE—pLz) | Floating start delay time 

















td(aH—E) Address high-order output delay time 








td(AH—ALE) ‘Address high-order output delay time 








td(¢,—HLDA) | HLDA output delay time 





td(aLeE—e) ALE output delay time 








tw(ALeE) ALE pulse width 


td BH =e) BHE output delay time = 


td(R/w—e) | R/W output delay time 


























td(e—¢,) ¢1 output delay time 








thce—ac) Address low-order hold time. 
th(aLe—am) | Address middle-order hold time (BYTE=“L”) 
thce—pHa@) —| Data high-order hold time (BYTE=“L”) 
tpzx(E—pHz) | Floating release delay time (BYTE=“L”) 
~ thce—am) Address middle-order hold time (BYTE=“H” ) 
— thcace—an) | Address high-order hold time . 






































thc e—pLa) Data low-order hold time 


tpzx(E—pLz) | Floating release delay time 


th(e—BHE) BHE hold time 






































thie Rw) R/W hold time 








tate hae) Port P4 data output delay time 








td(e—psa) Port P5 data output delay time 





td(e—ps6aq) Port P6 data output delay time 

















td(e—rsa) Port P8 data output delay time 




















tweL) E pulse width 
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MITSUBISHI MICROCOMPUTERS 


M37730S2FP,M37730S2AFP,M37730S2BFP 
M37730S2SP,M37730S2ASP ,M37730S2BSP 


16-BIT CMOS MICROCOMPUTER 





Microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


td(aL—e). Address low-order output delay time 


td(e—DHaQ) Data high-order output delay time (BYTE=“L”) 
texz(e—pHz) | Floating start delay time (BYTE=“L”) 


td(am—e) Address middle-order output delay time | 100 | 30 12 Red 






Test conditions 







~S 
° 
° 































































| texz(e—puz) | 
| tdcam—e) 
Address middle-order output delay time 
Data low-order output delay time 110 70 
Floating start delay time 5 3) 5 ns 
100 30 i ns 
Address high-order output delay time __ 80 24 5 ns 
HLDA output delay time ' 100 50 50 ns 
td(aLe—e) ALE output delay time 4 4 4 ns 
td( BHE—E) BHE output delay time | 100 | =| 30 | 20. 5 ns 
taceAn=e) R/W output delay time 100 30 20 = ns 
>. tdie—¢,) ¢, output delay time 0 30 0 20 0 8] ns 
Address low-order hold time Fig.60 90 | 25 18 | ons 
Address middle-order hold time (BYTE="L”) 9 9 9 a2 
Data high-order hold time (BYTE="L") | 50 25 18 ns 
Floating release delay time (BYTE=“L”) 25 18 ns 
Address middie-order hold time (BYTE=“H”) 50 25 18 te. 





th(e—pLa) Data low-order hold time 
tezx(eE—ptz) | Floating release delay time 





oy 
oo 
—_— 
(oe) 


—, 

Cc 
=) 
n” 


th( E—BHE) BHE hold time 
thce—ryw) R/W hold time 


Port P4 data output delay time 
Port P5 data output delay time 








—/;—-!laoio 
o;o;o;}o 
NO} N 
" 
nel 
[oe] 
a] 
” 







18 





pe) 
oO 
) 
© 
Lo) 
fee) 
(o) 


ns 















































tw(EL) 





Ao~ Az 
Ag/Dg~Az3/D7 
P4 

P5 
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_ MITSUBISHI MICROCOMPUTERS 


_M37730S2FP, M37730S2AFP,M37730S2BFP | 
-M37730S2SP, M37730S2ASP, M37730S2BSP 


16- adel CMOS MICROCOMPUTER 





TIMING DIAGRAM a 


mi 





ag td(e—pagq) 
Xx 


Port P4 output 


tsu(pap—e) — 


Port P4 input _ 7 a | thie—pap) 


any td(e—psa) 


Port P5 output \ 


.  tsucrso—e) 


Port P5 input ie eae thie—psp) 


5 td(e—psa) 7 


Port P6 output ( 


tsu(peo— E) Lae 
lan) thie—pep) 


| td(e—paa) 


( 


Port P6 input 


Port P8 output 


tsu(psp—e) pains 


Port P8 ‘input - Le thce—pap) 
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MITSUBISHI MICROCOMPUTERS 


M37730S2FP, M37730S2AFP, M37730S2BFP 
M37730S2SP,M37730S2ASP,M37730S2BSP 


16-BIT CMOS MICROCOMPUTER 


TAiiy input 


TAiout input 








TAiour input 
(Up-down input) 


In Event counter mode 


TAiin input 

(When count by falling) 
A cd 

(When count by rising) 





TBOw input 





te(ck) 


twickH) 





CLKy | 
oe ee ) 
eo 
T#De a ene TN EEE 
| ae. 
tsu(p—c) thic-p)_ | 
ee 
INT; input 








_@ misusisHi | _ 
ate MTSU 3 cae 


MITSUBISHI MICROCOMPUTERS - 


_M37730S2FP, M37730S2AFP,M37730S2BFP 
_M37730S2SP, M37730S2ASP, M37730S2BSP _ 


16- BIT CMOS MICROCOMPUTER 





‘Microprocessor mode (When wait bit = “1”) 


Py 


-RDY input 
Microprocessor mode (When wait bit = “0”) | 


-y 


RDY input 


Microprocessor mode (When wait bit = “1” or “0” in common) 


bh 






thi 4;—HoLD) 


- HOLD input 


td( 4;—HLDA) tae uloa 





HLDA output 


Test conditions 
. Vec= 5 V+10% 
* Input timing voltage | - V,,=1. OV, Vin=4. OV 


* Output timing voltage : Vo.=0. BV, Von=2. OV 
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MITSUBISHI MICROCOMPUTERS 


_M37730S2FP, M37730S2AFP,M37730S2BFP 
M37730S2SP,M37730S2ASP,M37730S2BSP 


16-BIT CMOS MICROCOMPUTER 


Microprocessor mode (When wait bit = “1”) 


tf tr tc 
AURA AR AAD AR PP 


Ao™Az output 


~ Ag/Dg~Ai5/D15 
output 


(BYTE="L”) - 


Ag~ Ais output 
_ (BYTE=“H") 


Dg~D, 5 input 
A16/Do™Az3/D7 
output 


Do~D; input’ 


ALE output — | 
BHE output . 


R/W output 


Test conditions 


*Voc= 5 V410% 


iN 


— 


=< 
a ae ae 
texz(e—pHz) 


ats 


=<) td(e— DHQ) 
td(amM—e) 


Lic nk ee 
Oe |e, See ee 


—— thie—pH) 






tezx(——DHZz) 





—_—_-— — — =_ Address 


+ 


thate— AH) s tezx(E—DLz) 


30 DD eee Tex 


tsu(DL—e) 
=i 


td(AH—ALE) -——+—| th(e—pL) 


td(ALE—€) 
peace E) 


re E) 


— 


* Output timing voltage > VoL_=0. 8V, Von=2. 0V | 


° Do~ Ds input 


Vi.=0. 8V, Vin=2. 5V 
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MITSUBISHI MICROCOMPUTERS 


M37730S2FP, M37730S2AFP,M37730S2BFP 
M37730S2SP, M37730S2ASP, M37730S2BSP 


16-BIT CMOS MICROCOMPUTER 





Microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


tc 





a | 

py 

. dies) —t<— td(e—4,) 

= — 


i th(aLe—am) th(e —DHa) _texz(e—pxz) tezx(E—DHz) 
As/Dg~Ai5/Di5 Pel ie ; 
output | Address| |} Address| = = = — == Address 
(evTE— c= tl remmeaeee ol poms al 

td(e—pHa) | 


td(am—e) 


th(e —am) 
Ag~A\s5 output 


| | i a? ~ 
Dg~D,5 input | | 


- 





, th(ate—aH) § x texz(e—piz) a tezx(E—DLz) 

A16/Do~Az23/D7 ) Ls 

supa Address | | ata |X Address | = Address 
| lames Fal ere tgcan=e 





tsu(DL—e) ae th(e—pL) 


Ee 


Do~D, input 
se q7 twoate) <— td(aLe—e) 
ALE output l 
Ft td(BHE—E) as th(eE—BHE) 
7 2 AT'S SRM 
| td(R/w—e) thie—Rvw) 


Test conditions 

* Voc= 5 V410% . | 
* Output timing voltage : Vo. =0. 8V, Von=2. OV 
* Do~ Dis input > Vit=0. 8V, Vin=2. 5V 
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- DESCRIPTION 

The M37732S4FP is a single-chip microcomputer designed 
with high-performance CMOS silicon gate technology. This 
is housed in a 80-pin plastic molded QFP. This single-chip 
microcomputer has a large 16M bytes address space, three 
instruction queue buffers, and two data buffers for high- 
speed instruction execution. The CPU is a 16-bit parallel 
processor that can also be switched to perform 8-bit para- 
llel processing. This microcomputer is suitable for office, 
business, and industrial equipment controller that require 
high-speed processing of large data. 

The differences between M37732S4FP, M37732S4AFP and 
M37732S4BFP are the external clock input frequency as 
shown below. Therefore, the following descriptions will be 
for the M37732S4FP unless otherwise noted. 






[Type name | ROM size | titenalaoek put teany | 
Marrs2sarp | —sExtenal === BMH 







FEATURES 
@ Number of basic instructionS:s: srs beeees 103 
@ Memory size RAM ee i i ears 2048 bytes 
@ Instruction execution time 

M37732S4FP : 

(The fastest instruction at 8MHz frequency) --:-::*: 500ns 


M37732S4AFP 


MITSUBISHI MICROCOMPUTERS 


_M37732S4FP, M37732S4AFP 


M37732S4BFP 


16-BIT CMOS MICROCOMPUTER 


PIN CONFIGURATION (TOP VIEW) 


P7,/ANy +> [1] 
P67/TB2iy + 
P6¢/TB1 iy +> 
P6s/TBOn +> [4] 

P6,/INT, +> [5] 

P63/INT, +» [6] 

P65/INTy +> 
P6,/TA4n +> LB) 
P6o/TA4our vt. 9 | 

P57/TA3iy/RTP1, + [10] 
P5g/TA3qur/RTPI > +> [11] 
P§s/TA2iy/RTP1, <> 
P54/TA2oy7/RTP19 +> 
P§a/TA1 ny /RTPO3 > 
P5o/TAloyt/RTP0. +> 15] 
P55/TAQiny/RTPO, +> 
P5o/TAQyr/RTP0y +> 
P4,/DBC* «+ [ig 
P4,/VPA* +> 
P4s/VDA* <> 
P4,/QCL* <> 

P43/MX* <> [22] 
_ oy ag 

RDY — [24] 


[S]-> P7,/AN, 
[3)*> P72/AN2 


OC 


on 


tt 

uJ 
a 
Oo 
za 


Elfed P73/AN3 
Bibad P74/AN4 
[a]-> P75/ANs 


ined 
~ 


“RESET — [8] 


Xin — [8] 
Xout + [8] 


CNVss 


djdgvsceZlew fS]<> P76/ANe 


Elbee P77/AN7/ADtrae 


3 
S| 


| 


E +[¢] 
HLDA « [8] 


Vss 


Vss 
AVss 


1=]<— Vrer 


S 
oOo 


dAVvSceZlew 


1O 
dsavScellewn 


ALE + [8] 


BHE +[8| 


’ AVcc 
Vcc 


R/W + [8] 


A23/D7 + {8} 


Eibee P89/CTSo/RTSo 


[Sj+> P81/CLKo 
[B]+> P82/RxDo 
[Bl+> P83/TxDo 


©) 


A22/De + 18 
A2i/Ds. + [8] 
A20/D4 = 3] 


164} +> P84/CTS,/RTS, 
+> P8./CLK, 
+> P8./RyD, 
61] +> P87/TxD, 
160} —> Ay 

59] —> A, 

— Ad 

— bg 

56] —> A, 

55] —» As 

54} > Ag 

>A, 

+ A;/Dg 

51} +> Ag/Dg 
+ Ajo/Dio 
49] +> Ayy/Di4 
48] > Ayo/D42 
> Aia/Di3 
46} > Ay4/Di4 
45] +> Ays/D45 
44] +> Aye/Do 
a Ai7/D, 
+> Ais/Do 
41] +> Ay9/D3 





(The fastest instruction at 16MHz frequency)::::-*: 250ns 
M37732S4BFP | 
(The fastest instruction at 25MHz frequency):-::::*: 160ns 
e@ Single power supply Scsigngo@i shale ig ievereleig aie aiw'd iniocbie Wie! Gooveleiere's --5VE10% 
@ Low power dissipation (at 8MHz frequency) i 
_§  * —— * sie Neaclinneibh arects eae taenteatue ee 30mW (Typ.) 
@ Interrupts sso eee eee cece rete eee eee e eee 19 types 7 levels 
e Multiple function 16-bit timer ---1----rr errr 543 
@ UART (may also be synchronous) «°° hSoae mi nasaNieaas se 9 
@ 8-bit A-D Converter -:rr rrr 8-channel inputs 
 @ 12-bit watchdog timer 
@ Programmable input/output 
(ports P4, P5, P6, P7, P8) eS dared ayarattie SMe aides aaa aba aeiein Smet aie 37 
@ Pulse output port LITTLE CTE eee ee Te ee 4 bitX< 2 


Outline 80P6N 


*: Used in the evaluation chip mode only 





APPLICATION 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers | | 
Control devices for industrial equipment such as ME, NC, 
communication and measuring instruments. 
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M37732S4FP BLOCK DIAGRAM 


Hold 


Clock Clock Clock ¢, Enable Reset Reference acknowledge address latch Byte high | Read/Write Holdrequest Ready Bus width 
input output. output output input (5v) — (OV) (5V) (OV) (5V) voltage input — signal enable enable output Input Input selection input 








Xin Xout py E RESET . Vcc Vss CNVss _AVss AVocc VRerF HLDA ALE BHE R/W HOLD RDY BYTE 








Instruction Register (8) 
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Timer TA4(16) 
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1 | Timer TAO(16) 
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Timer TBO(16) 













Address lower . 
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Input/Output —s Input/Output - Input/Output Input/Output Input/Output . Address bus/Data bus Address bus 
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FUNCTIONS OF M37732S4FP 


Parameter Functions 
Number of basic instructions 103 
M37732S4FP 500ns (the fastest instructions, at 8MHz frequency) 
Instruction execution time M37732S4AFP 250ns (the fastest instructions, at 16MHz frequency) 
M37732S4BFP 160ns (the fastest instructions, at 25MHz frequency) 


P5~P8 8 -bitX 4 
Input/Output ports 

P4 — | 5 -bitx 1 

a TAO, TA1, TA2, TA3, TA4 16-bitX 5 
Multi-function timers ‘ 

TBO, TB1, TB2 16-bitX 3 


Serial 1/O (UART or clock synchronous serial I/O) X2 
A-D converter 8 -bit< 1 (8 channels) 
Watchdog timer 12-bitX 1 


3 external types, 16 internal types 
(Each interrupt can be set the priority levels to 0 ~ 7.) 





























Interru pts 


Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
Supply voltage . 5 V+10% . 

- i 1 
Power dissipation 30mW(at external 8 MHz frequency) 


Input/Output voltage 5V 
Input/Output characteristic Z 2 a 
Output current _ 5mA 


Memory expansion : 16M bytes 









































na 9, 
Operating temperature range . —20~85C 





Device structure . . CMOS high-performance silicon gate process 











Package ! 80-pin plastic molded QFP 
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PIN DESCRIPTION 


Name Input/Output . | Functions 
Voc; Vss’ Power supply 
CNVsg CNVsg input 





Supply 5 V+10% to Vcc and 0 V to Vgs. | 





Connect to Vcc. . 














RESET Reset input Input To enter the reset state, this pin must be kept at a “L” condition should be maintained for’ the required 
| . 7 time. . 
Xin Clock input Input .| These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be-.} 
tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xiy pin 
Xout Clock output Output . | and the Xour pin should be left open. 
E Enable output Output Data or instruction read and data write are performed when output from this pin is “L”. 
BYTE Bus width selection input | Input This pin determines whether the external data bus is 8-bit width or 16-bit width. The width is 16 bits when | 


“L” signal inputs and 8 bits when “H” signal inputs. 
































AVcc, AVss_ | Analog supply input | Power supply for A-D converter. Connect AVcc to Vcc, and AVgg to Vss externally. 
Vrer Reference voltage input Input This is reference voltage input pin for A-D converter. 
Gy Clock output Output This pin outputs the ‘clock ¢1 which is divided the clock to Xjx pin by 2. 
RDY Ready Input a is (ay input pin. This is an input pin for the RDY signal. Internal clock stops white this signal is “L”. 














Hold request input Input This is an input pin for HOLD request signal. The microcomputer enters into hold state while this signal is 
ad eee . 


‘HLDA Hold acknowledge output; Output This is an output pin for HLDA signal, indicates the hold state. 


















































R/W Read/Write output Output “H” indicates the read status and “L” indicates the write status. 
BHE Byte high enable output; Output | “L” is output when an odd-numbered address is accessed. 
ALE . Address latch enable Output This is used to retrieve only the address data from address data and data multiplex signal. 
output 
Ag~Az Address (low-order) Output | Address (A7~Ao) is output. 
output : 
As/Dg~ Address (middle-order) 1/0 In case the BYTE pin is “L” and an external data bus is 16-bit width, high-order data (D;3;~Dg) is input or 
Ays5/Di5 output/Data (high-order) output when E output is “L” and an address (A;s~Ag) is output when E output is “H”. In case the BYTE pin 
1/0 is “H” and an external data bus is 8-bit width, only address (A;s~Ag) is output. 
Aig/Do~ Address (high-order) 1/0 Low-order data (D7~Do) is input or output when E output is “L’, and an address (Ao3~Aj¢) is output when | 
1 Ao3/D7 output/Data (low-order) E output is “H”. 
1/0 et y 


‘P43~P4, I/O port P4 1/0 Port P4 is a 5-bit I/O port. This port has an data direction register and each pin can be programmed for in- 
put or output. This port is in input mode when reset. : 








P59~ P57 1/O port P5 1/O Port P5 is a 8-bit I/O port. This port has an data direction register and each pin can be programmed for in- 
put or output. This port is in input mode when reset. 
These pins also function as I/O. pins for timer AO, timer A1, timer A2 and timer A3. 













| 1/0 In addition to having the same functions as port P5, these pins also function as I/O pins for timer A4, exter- 
nal interrupt input INTo, INT; and INT2 pins, and input pin for timer BO, timer B1 and timer B2. 


1/O port P6 








1/O Port P7 is a 8-bit I/O port. This port has an data direction register and each pin can be programmed for in- 
put or output. This port is input mode when reset. These pins also function as analog input ANo~AN7 input 
pins. P77 also has an A-D conversion trigger input function. 


1/O port P7 








P85~P87 1/0 Port P8 is a 8-bit !/O port. This port has an data direction register and each pin can be programmed for in- | 
put or output. This port is in input mode when reset. These pins also function as RxD, TxD, CLK, CTS/RTS 


pins for UARTO and UART1. 


I/O port P8 
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BASIC FUNCTION BLOCKS 

The M37732S4FP. contains the following devices on a sing- 
le chip: RAM for storing instructions and data, CPU for pro- 
cessing, bus interface unit (which controls instruction pre- 
fetch and data read/write between CPU and memory), tim- 
ers, UART, A-D converter, and other peripheral devices 
such as I/O ports. Each of these devices are described 
below. 


MEMORY 

The memory map is shown in Figure 1. The address space 
is 16M bytes from addresses 0;, to FFFFFFig. The address 
space is divided into 64K bytes units called banks. The 
banks are numbered from 01,6 to FF4¢. 

Built-in RAM and control registers for built-in peripheral de- 
vices are assigned to bank Oj. 


00000016 


OOFFFFi¢ 
0100001. 


O1FFFFi¢ 


FE0000)¢ 


Bank FE. 
\ 
FEFFFF;< | \ 
FF0000;¢ - \ 


\ 


| 
~ Bank FFig | 
| 


FFFFFFic | 


: Internal 


~7~ — ay. . 
aes External | 


Fig. 1 Memory map 


0000001. 
00007 Fie 
0000801. 





OOFFD6,;, [- 
\ 


| 
OOFFFFig \L_ 





Addresses FFD6,;, to FFFFig are the RESET and interrupt 
vector addresses and contain the interrupt vectors. Use 
ROM for memory of this address. Refer to the section on 
interrupts for details. 

The 2048 bytes area from addresses 80;, to 87F 1, contains 
the built-in RAM. In addition to storing data, the RAM is 
used as stack during a subroutine call, or interrupts. 
Assigned to addresses 0;, to 7Fig are peripheral devices 
such as I/O ports, A-D converter, UART, timer, and inter- 
rupt control registers. 

A 256 bytes direct page area can be allocated anywhere in 
bank 0, using the direct page register DPR. In direct page 
addressing mode, the memory in the direct page area can 
be accessed with two words thus reducing program steps. 


Peripheral devices 
control registers 


Internal RAM 


see Fig. 2 for ) 


further information 
2048 bytes a 
00007F,, 


Interrupt vector table 
OOFFD6,. TT ~] 


/ 





eee 
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Address (Hexadecimal notation) | . Address (Hexadecimal notation) 

































































































ooo000 [| —s—CsSSSCSsSY 000040 | Count start fla 
000001 000041 
000002 000042 One shot start fla 
ooo003 «| —‘is*zS 000043 | ee ey a 
2 000045 
QQ0005). Vo Re SS SS 
000046 . 
oooo0e | Timer AO 
ae 000047 . 
000007 
= 000048 : 
000008 ; . Timer A1 
—= 000049 
000009 00004A 
OO000A Port P4 . Timer A2 
00004B 
00000B Port P5 ; 00004C 
00000C Port P4 data direction register 00004D Timer A3 
0O0000D | Port P5 data direction register | 00004E 
OOO00E Port P6 Timer A4: 
00004F 
OOO00F Port P7 ees ee 000050 
000010 Port P6 data direction register ‘|, 000051 Timer BO 
000011 Port P7 data direction register 000052 
000012 Port P8 Timer B1 
000053 
000013 i a ein iene ee, 000054 
000014 Port P8 data direction register. Timer B2 
Qo00iSs e.g ee 7 —— 
000056 Timer AO mode register 
oo0ie | 
000057 Timer A1 mode register 
000017 | ; ; 
000058 Timer A2 mode register 
oo0018 | 
000059 Timer A3 mode register ; 
000019 [= era aRcED : = 
00005A Timer A4 mode register 
00001A ; 
00005B Timer BO mode register 
00001B : 
; 00005C Timer B1 mode register 
00001C ; 
00005D Timer B2 mode register 
00001D ; 
: OOO05E Processor mode register 
00001E A-D control register 
; E - 0O005F 
00001F A-D sweep pin selection register : 
: 000060 Watchdog timer 
000020 A-D register 0 : : 
000061 Watchdog timer frequency selection fla 
000021 ; 
: 000062 Waveform output mode register 
000022 A-D register 1 
000063 
000026) fo ed 7 oat ee 
: 000064 Pulse output data register 1 
000024 A-D register 2 : 
, 000065 Pulse output data register 0 
000025 
000026 A-D register 3 Seer r 
000027 | 
: 000068 
000028 A-D register 4 
000069 
000029 00006A 
00002A A-D register 5 
00006B 
00002B 00006C 
00002C -=| A-D register 6 1 
00006D 
pene goose [oO 
00002E A-D register 7 
OOOO6F 
oo002F {| s—“(ti‘ Cd naar 
: ; 000070 A-D conversion interrupt control register 
000030 UART 0 transmit/receive mode.register eer : 
: 000071 UARTO transmission interrupt control register 
000031 UART 0 bit rate generator aT ; 
000032 000072 UARTO receive interrupt control register 
UART 0 transmission buffer register 000073 UART1 transmission interrupt control register 
000033 So ee ; 
: ; a 000074 UART1 receive interrupt control register 
000034 UART 0 transmit/receive control register 0 : —, ; : 
: : i 000075 Timer AO interrupt control register 
000035 UART 0 transmit/receive control register 1 |. : : ; 
000036 000076 = | Timer A1 interrupt control register. 
UART 0 receive buffer register 000077. | Timer A2 interrupt control register 
000037 : ; ; 
; : a - 000078 Timer A3 interrupt control register 
000038 UART 1 transmit/receive mode register ; : : 
; 000079 Timer A4 interrupt control register 
000039 UART 1 bit rate generator ; ; : 
00003A ome 00007A Timer BO interrupt control register 
UART 1 transmission buffer register 00007B Timer B1 interrupt control register 
plese —- 5; : 00007C Timer B2 interrupt control register ; 
00003C .| UART 1 transmit/receive control register 0 = : 
arene ; : 00007D INTo interrupt control register 
00003D UART 1 transmit/receive control register 1 —— - 
00003E 5 00007E | INT; interrupt control register 
UART 1 receive buffer register 00007F INT2 interrupt control regiter 


00003F 





Fig. 2. Location of peripheral devices and interrupt control registers 
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CENTRAL PROCESSING UNIT (CPU) 
The CPU has ten registers and is shown in Figure 3. Each 
of these registers is described below. 


ACCUMULATOR A (A) 

Accumulator A is the main register of the microcomputer. It 

consists of 16 bits and the lower 8 bits can be used separ- 

ately. The data length flag m determines whether the regis- 
_ter is used as 16-bit register or as 8-bit register. It is used 

as a 16-bit register when flag m is “O” and as an 8-bit reg- 

ister when flag m is “1”. Flag m is a part of the processor 

status register (PS) which is described later. 

Data operations such as calculations, data transfer, input/ 

output, etc., is executed mainly through the accumulator. 


ACCUMULATOR B (B) 

Accumulator B has the same functions as accumulator A, 
but the use of accumulator B requires more instruction 
bytes and execution cycles than accumulator A. 


INDEX REGISTER X (X) 

_ Index register X consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
“0” and as an 8-bit register when flag x is “1”. Flag xis a 
part of the processor status register (PS) which is de- 
scribed later. 


] 0 
Program bank register PG 


i 0 


. Data bank register DT 


Fig.3 Register structure 





In index addressing mode, register X is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register X indicates the low- 
order 16 bits of the source data address. The third byte of 
the MVP and MVN is the high-order 8 bits of the source 
data address. | 


INDEX REGISTER Y (Y) 
Index register Y consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x “OQ” 
and as an 8-bit register when flag x is “1”. Flag x is a part 
of the processor status register (PS) which is described 
later. | . 

In index addressing mode, register Y is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the content of index register Y indicates the low- 
order 16 bits of the destination address. The second byte of 
the MVP and MVN is the high-order 8 bits of the destina- 
tion data address. 


Accumulator A 
Accumulator B 

indie register X 

nae register Y 

Stack pointer S 

Program counter PC 
Direct page register DPR 


| Processor status register PS 


Carry flag 

Zero flag 

Interrupt disable flag 

Decimal mode flag 

Index register length flag 

Data length flag 

Overflow tlag 

Negative flag 

Processor interrupt priority level IPL 
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STACK POINTER (S) 
Stack pointer (S) is an 16-bit register. It is used during a 
subroutine call or interrupts. It is also used during stack, 


stack pointer relative, or stack poet relative indirect | in- 


dexed Y addressing mode. 


PROGRAM COUNTER (PC) 

Program counter (PC) is a 16-bit counter that indicates the 
low-order 16 bits of the next program memory address to 
be executed. These is a bus interface unit between the 
program memory and the CPU, so that the program mem- 
ory is accessed moun bus interface unit. This is de- 
scribed later. 


PROGRAM: BANK REGISTER (PG) 

Program bank register is an 8-bit register that indicates the 
high-order 8 bits of the next program memory address to 
be executed. When a carry occurs by incrementing the 


contents of the program counter, the cotents of the program | 
bank register (PG) is incremented by 1. Also, when a carry | 


or borrow occurs after adding or subtracting the offset 
value to or from the contents of the program counter (PC) 
using branch instruction, the contents of the program bank 
register (PG) is incremented or decremented by 1 so that 
programs can be written without worrying about bank 
boundaries. 


DATA BANK REGISTER (DT) 

Data bank register (DT) is an 8-bit register. With some 
addressing modes, a part of the data bank register (DT) is 
used to specify a memory address. The contents of data 
bank register (DT) is used as the high-order 8 bits of a 24- 
bit address. Addressing modes that use the data bank reg- 
ister (DT) are direct indirect, direct indexed X indirect, 
direct indirect indexed Y, absolute, absolute bit, absolute 
indexed X, absolute indexed Y, absolute bit relative, and 
’ stack pointer relative indirect indexed Y. 


DIRECT PAGE REGISTER (DPR) 

Direct page register (DPR) is a 16-bit register. Its contents 
is used as the base address of a 256-byte direct page 
area. The direct page area is allocated in bank O, but when 


the contents of DPR is FFO1,,¢ or greater, the direct page 


area spans across bank 0 and bank 1. All direct addressing 
modes use the contents of the direct page register (DPR) 
to generate the data address. If the low-order 8 bits of the 
direct page register (DPR) is “00,,”, the number of cycles 
- required to generate an address is minimized. Normally the 
low-order 8 bits of the direct page register (DPR)-is set to 
“0016” 


PROCESSOR STATUS REGISTER (PS) — 
Processor status register (PS) is an 11-bit register. It con- 
sists of a flag to indicate the result of operation and CPU 
interrupt levels. = 

Branch operations can be performed by issing the yee? C, 
Z,V, and N. 

The details of each processor status register bit are de- 
scribed below. 


1. Carry flag (C) 


The carry flag contains the carry or borrow generated by 
the ALU after an arithmetic operation. This flag is also 
affected by shift and rotate instructions. This flag can be set 
and reset directly with the SEC and CLC instructions or 
with the SEP and CLP instructions. | 


2. Zero flag (Z) 

This zero flag is set if the result of an arithmetic operation 
or data transfer is zero and reset if it is not. This flag can 
be set and reset directly with the SEP and CLP instructions. 


3. Interrupt disable flag (1) 

When the interrupt disable le flag is set to “1”, all interrupts 
except watchdog timer, DBC, and software interrupt are 
disabled. This flag is set to “1” automatically when there is 
an interrupt. It can be set and reset directly with the SEI 
and CLI instructions or SEP and CLP instructions. 


4. Decimal mode flag (D) 

The .decimal mode flag determines whether addition and 

subtraction are performed as binary or decimal. Binary 

arithmetic is performed when this flag is “O”. If it is “1”, de- 
cimal arithmetic is-performed with each word treated as . 
two or four digit decimal. Arithmetic operation is performed 

using four digits when the data length flag m is “O” and with 

two digits when it is “1”. (Decimal operation is possible 

only with the ADC and SBC instructions.) This flag can be 

set and reset with the SEP and CLP instructions. | 
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5. Index register length flag (x) 

The index register length flag determines whether index 
register X and index register Y are used as 16-bit registers 
or as 8-bit registers. The registers are used as 16-bit regis- 
ters when flag x is “0” and as 8-bit registers when it is “1”. 
This flag can be set and reset with the SEP and CLP in- 
structions. 


6. Data length flag (m) 

The data length flag determines whether the data length is 
16-bit or 8-bit. The data length is 16-bit when flag m is “O” 
and 8-bit when it is “1”. This flag can be set and reset with 
the SEM and CLM instructions or with the SEP and CLP in- 
structions. 


7. Overflow flag (V) 

The overflow flag has meaning when addition or subtraction 
is performed a word as signed binary number. When the 
data length flag m is “0”, the overflow flag is set when the 
result of addition or subtraction is outside the range be- 
tween — 32768 and + 32767. When the data length flag m 
is “1”, the overflow flag is set when the result of addition or 
subtraction is outside the range between —128 and +127. 
It is reset in all other cases. The overflow flag can also be 
set and reset directly with the SEP, and CLV or CLP in- 
structions. 


8. Negative flag (N) 

The negative flag is set when the result of arithmetic op- 
eration or data transfer is negative (If data length flag m is 
“0”, when data bit 15 is “1”. If data length flag m is “1”, 
when data bit 7 is “1”.) It is reset in all other cases. It can 
also be set and reset with the SEP and CLP instructions. 


Control signal 


9. Processor interrupt priority level (IPL) 
The processor interrupt priority level (IPL) consists of 3 bits 
and determines the priority of processor interrupts from 
level 0 to level 7. Interrupt is enabled when the interrupt 
priority of the device requesting interrupt (set using the in- 
terrupt control register) is higher than the processor inter- 
rupt priority. When interrupt is enabled, the current proces- 
sor interrupt priority level is saved in a stack and the pro- 
cessor interrupt priority level is replaced by the interrupt 
priority. level of the device requesting the interrupt. Refer to 
the section on interrupts for more details. 


BUS INTERFACE UNIT 


The CPU operates on an internal clock frequency which is 
obtained by dividing the external clock frequency f(x,,.) by 
two. This frequency is twice the bus cycle frequency. In 
order to speed-up processing, a bus interface unit is used 
to pre-fetch instructions when the data bus is idle. The bus 
interface unit synchronizes the CPU and the bus and pre- 
fetches instructions. Figure 4 shows the relationship be- 
tween the CPU and the bus interface unit. The bus inter- 
face unit has a program address register, a 3-byte instruc- 


tion queue buffer, a data address register, and a 2-byte 


data buffer. 

The bus interface unit obtains an instruction code from 
memory and stores it in the instruction queue buffer, 
obtains data from memory and stores it in the data buffer, 
or writes the data from the data buffer to the memory. 


Ce 





Fig. 4 Relationship between the CPU and the bus interface unit 
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The bus interface unit operates using one of the waveforms 
(1) to (6) shown in Figure 5. The standard waveforms are 
(1) and (2). 

The ALE signal is used to latch only the address signal 
from the multiplexed signal containing data and address. 
The E signal becomes “L” when the bus interface unit 
reads an instruction code or data from memory or when it 
writes data to memory. Whether to perform read or write is 
controlled by the R/W signal. Read is performed when the 
R/W signal is “H” state and write is performed when it is 
“L” state. . 
Waveform (1) in Figure 5 is used to access a single byte or 
two bytes simultaneously. To read or write two bytes simul- 
taneously, the first address accessed must be even. Furth- 
ermore, when accessing an external memory area, set the 
bus width selection input pin BYTE to “L”. (external data 
bus width to 16 bits) The internal memory area is always 
treated as 16-bit bus width regardless of BYTE. 

When performing 16-bit data read or write, if the conditions 
for simultaneously accessing two bytes are not satisfied, 
waveform (2) is used to access each byte one by one. 
However, when prefetching the instruction code, if the 
address of the instruction code is odd, waveform (1) is 
used, and only one byte is read in the instruction queue 
buffer. 

The signals Ag and BHE in Figure 5 are used to control 
these cases: 1-byte read from even address, 1-byte read 
from odd address, 2-byte simultaneous read from even and 
odd addresses, 1-byte write to even address, 1-byte write 
to. odd address, or 2-byte simultaneous write to even and 
odd addresses. The Ap signal that is the address bit O is 
“L” when an even number address is accessed. The BHE 
signal becomes “L” when an odd number address is 
accessed. | 

The bit 2 of processor mode register (address 5E,¢) is the 
wait bit. When this bit is set to “0”, the “L” width of E signal 
is 2 times as long when accessing an external memory 
area. However, the “L” width of E signal is not extended . 
when an internal memory area is accessed. When the wait 
bit is “1”, the “L” width of E signal is not extended for any 
access. Waveform (3) is an expansion of the “L” width of E 
signal in waveform (1). Waveform (4) ,(5), and (6) are ex- 
pansion of each “L” width of E signal in waveform (2), first 
half of waveform (2), and the last half of waveform (2) re- ae 


Access 2-byte; Access even | Access odd 
spectively. | | simultaneously| address 1-byte | address 1-byte 


oe H ” 
ty L”’ 


A : Address 
D : Data © 
Ai/Dj indicates multiplex 1/O pin with address data and data. 














Fig. 5 Relationship between access method ‘and 
signals Ag and BHE 
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Instruction code read, data read, and data write are de- 
scribed below. | 

Instruction code read will be described first. | 

The CPU obtains instruction codes from the instruction 
queue buffer and executes them. The CPU notifies the bus 
interface unit that it is requesting an instruction code during 
an instruction code request cycle. If the requested instruc- 
tion code is not yet stored in the instruction queue buffer, 
the bus interface unit halts the CPU until it can store more 
instructions than requested in the instruction queue buffer. 
Even if there is no instruction code request from the CPU, 
the bus interface unit reads instruction codes from memory 
and stores them in the instruction queue buffer when the 
instruction queue buffer is empty or when only one instruc- 
tion code is stored and the bus is idle on the next cycle. 
This is referred to as instruction pre-fetching. 

Normally, when reading an instruction code from memory, if 
the accessed address is even the next odd address is read 
together with the instruction code and stored in the instruc- 
tion queue buffer. 

However, if the bus width switching pin BYTE is “H”, exter- 
nal data bus width is 8 bits and the address to be read is in 
external memory area is odd, only one byte is read and 
stored in the instruction queue buffer. Therefore, waveform 
(1) or (3) in Figure 5 is used for instruction code read. 

Data read and write are described below. 

The CPU notifies the bus interface unit when performing 
data read or write. At this time, the bus interface unit halts 
the CPU if the bus interface unit is already using the bus or 
if there is a request with higher priority. When data read or 
write is enabled, the bus interface unit uses one of the 
waveforms from (1) to (6) in Figure 5 to perform the opera- 
tion. | 

During data read, the CPU waits until the entire data is 
stored in the data buffer. The bus interface unit sends the 
address received from the CPU to the address bus. Then it 
reads the memory when the E signal is “L” and stores the 
result in the data buffer. 

During data write, the CPU writes the data in the data buf- 
fer and the bus interface unit writes it to memory. There- 
fore, the CPU can proceed to the next step without waiting 
for write to complete. The bus interface unit sends the 
address received from the CPU to the address bus. Then 
when the E signal is “L”, the bus interface unit sends the 
data in the data buffer to the data bus and writes it to 
memory. | 
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INTERRUPTS 3 

Table 1 shows the interrupt types and the corresponding 
interrupt vector addresses. Reset is also treated as a type 
' of interrupt and is discussed in this section, too. | 

DBC is an interrupt used. during debugging. 

Interrupts other than reset, DBC, watchdog timer, zero di- 
vide, and BRK instruction all have interrupt control regis-_ 
ters. Table 2 shows the addresses of the interrupt control 
registers and Figure 6 shows the bit configuration of the in- 
terrupt control register. | it < 
The interrupt request bit is automatically cleared by the 
hardware during reset or when processing an interrupt. 
Also, interrupt request bits other than DBC and watchdog 
timer can be cleared by software. | | 

‘INT: to INTo are external interrupts and whether to cause 
an interrupt at the input level (level sense) or at the edge 
(edge sense) can be selected with the level sense/edge 
sense selection bit. Furthermore, the polarity of the inter- 
rupt input can be selected with polarity selection bit. 

Timer and UART interrupts are described in the respective 
section. 

~The priority of interrupts when multiple interrupts are 
caused simultaneously is partially fixed by hardware, but, it 
can also be adjusted by software as shown in Figure 7. The 
hardware priority is fixed the following: 

reset > DBC > watchdog timer > other interrupts 





Interru ot priority 


Interrupt request bit 
0 : No interrupt 
1: Interrupt 


16-BIT CMOS MICROCOMPUTER 


Table 1. Interrupt types and the interrupt vector 
addresses. | | 





. Vector addresses 
OOFFD6,, OOFFD7;, 

| QOFFD8;, OOFFD94, 
OOFFDA;,, - OOFFDB,., 


Interrupts 
A-D conversion | 






UART1 transmit 











_ UART1 receive 

UARTO transmit - OOFFDC,, OOFFDD;., 
UARTO receive | —QOFFDE;,  OOFFDFig 
Timer B2 OOFFE0,,  OOFFE1;, 





Timer B1 
Timer BO 
Timer A4 
Timer A3 
Timer A2 
Timer At 
Timer AO 
INT external interrupt OOFFF0;, OOFFF11¢ 
INT, external interrupt OOFFF24¢ . OOFFF3,¢ 


INT external interrupt OOFFF4,, OOFFF546 
Watchdog timer | QOFFF6,,  OOFFF71¢ ~ 


DBC (unusable) OOFFF8,,  OOFFF94, 
Break instruction OOFFFAi.¢ OOFFFB,. 












OOF FEB OFFS. 
OFFA. OOFFEB,, | 


OOFFEE;,, OOFFEF,, ~ 


> OOFFE2;,  OOFFE3, 
OOFFE4,, OOFFES;, 
























Interrupt control register configuration for A-D converter, UARTO, UART1, timer AO to timer A4, and timer BO to timer B2 


765 4321.0 


ee Interrupt priority 


Interrupt request bit 
Q : No interrupt 
1 : Interrupt 


Polarity selection bit 


0 : Set interrupt request bit at “H” level for level sense and when changing from “H” to“L” ~~ 
level for edge sense. : Oo Mg oa 
1 : Set interrupt request bit at “L” level for level sense and when changing from “L” to “H” 
level for edge sense. | a a | 
Level sense/edge sense selection bit 


08 Edge sense 
] : Level sense 


Interrupt control register configuration for INT2~INTo. 


Fig.6 Interrupt control register configuration 
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Table.2. Addresses of interrupt control registers 


Interrupt control registers 
A-D conversion interrupt control register 000070;.¢ 
UARTO transmit interrupt control register 00007116 







| 












Timer A2 interrupt control register 000077;.6 
Timer AS interrupt control register 000078, 
Timer A4 interrupt control register 0000794. 


Timer B1 interrupt control register 00007 Bi. 


00007C6 
INTo interrupt control register Q00007Dig ts 
__00007F 16 



















Interrupts caused by a BRK instruction and when dividing 
by zero are software interrupts and are not included in this 
list. 

Other interrupts previously mentioned are A-D converter, 
UART, Timer, INT interrupts. The priority of these interrupts 
can be changed by changing the priority level in the cor- 
responding interrupt control register by software. 

Figure 8 shows a diagram of the interrupt priority resolution 
circuit. When an interrupt is caused, the each interrupt de- 
vice compares its own priority with the priority from above 
and if its own priority is higher, then it sends the priority be- 
low and requests the interrupt. If the priorities are the 
same, the one above has priority. 

This comparison is repeated to select the interrupt with the 
highest priority among the interrupts that are being re- 
quested. Finally the selected interrupt is compared with the 
processor interrupt priority level (IPL) contained in the pro- 
cessor status register (PS) and the request is accepted if it 
is higher than IPL and the interrupt disable flag | is “O”. The 
‘request is not accepted if flag | is “1”. The reset, DBC, and 
watchdog timer interrupts are not affected by the interrupt 
disable flag |. . 

When an interrupt is accepted, the contents of the proces- 
‘sor status register (PS) is saved to the stack and the inter- 
rupt disable flag | is set to “1”. 

‘Furthermore, the interrupt request bit of the accepted inter- 
rupt is cleared to “0” and the processor interrupt priority 


‘level (IPL) in the processor status register (PS) is replaced 


by the priority level of the accepted interrupt. 

Therefore, multi-level priority interrupts are possible by re- 
setting the interrupt disable flag | to “O” and enable further 
interrupts. | 


- For reset, DBC, watchdog timer, zero divide, and BRK in- 


struction interrupts, which do not have an interrupt control 


register, the processor interrupt level (IPL) is set as shown 


in Table 3. 


Timer BO interrupt control register 00007 A416 








Priority resolution is performed by latching the interrupt re- 
quest bit and interrupt priority level so that they do not 
change. They are sampled at the first half and latched at 
the last half of the operation code fetch cycle. | 
Because priority resolution takes some time, no sampling 
pulse is generated for a certain interval even if it is the next 
operation code fetch cycle. 


: Priority is determined by hardware 
@® o> C2 @ 


ie ~] . 
| [Watchdog] [———— 
LL 


A-D converter, UART, Timer, INT interrupts 


Priority can be changed with software inside @) — 


Fig. 7 Interrupt priority — 


Level 0 © 


A-D conversion 


\V, 


Interrupt request UART1 transmit 
UART1 receive F 


UARTO transmit 


Db 


+ 
qr 


TREKKA FR KU KEKE 


UARTO receive 


J 


Timer B2 


Timer B1 


Timer BO 


Timer A4 


Dp Dt 


Timer A3 ~ 


Watchdog Y 
timer 


Timer A2 


| Timer At 


_ Interrupt disable flag | Timer AO 


/\ 


Zz 
a 


Zz 
_ 
Oo 





Fig. 8 Interrupt priority resolution 
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As shown in Figure 9, there are three different. interrupt 
priority resolution time from which one is selected by soft- 
ware. After the selected time has elapsed, the highest 
priority is determined and is processed after the currently 
executing instruction has been completed. £ 

The time is selected with bits 4. and 5. of the processor 
mode register (address 5E,¢) shown in Figure 10. Table 4 
_ shows the relationship between these bits and the number 
of cycles. After a reset, the processor mode register is in- 
itialized to “00,,” and therefore, the longest time is 
selected. | 

However, the shortest time may be selected by software. 


Internal clock gd 


| BRK instruction 


Table 3. Value set in processor interrupt level (IPL) 
_ during an interrupt | ae 


Interrupt types Setting value 7 
CoB6 
0 . | 














Watchdog timer _ aa ee 
Not change value of IPL 
‘Not change value of IPL 


Table 4. Relationship between priority level evaluation » 
time selection bit and number of cycles 


Priority level resolution time selection bit es : 
; ae Number of cycles 
} 
ier anes 0 7 cycles of ¢ | 
Wires Onan a 4 cycles of # 
asec lcs ed Os tied 













2 cycles of ¢ 


¢%: internal clock 


Operation code fetch vile f | fo Loo 


Sampling pulse 


Priority resolution time 
Select from 0 to 2 with bits 
4 and 5 of the processor 


mode register 





















Fig. 10 Processor mode register configuration 


_ (It is set to.“1” after a reset) 


Priority resolution time selection bit 








Processor mode bits 
Q : Microprocessor mode ~ 


1 : Evaluation chip mode 
Must be “1” 


Wait bit 
0 : Wait 
1: No wait | 
Software reset bit 
The processor is reset when this bit is set to “1”. 


‘0 0 : Select 0. in Figure 9 
0 1 : Select 1 in Figure 9 
10 ! Select 2 in Figure 9 . 
Test mode bit . 
Must be “0” 
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TIMER. 

There are eight 16-bit timers. They are divided by ype into 
timer A(5) and timer B(3). 

The timer I/O pins are shared with I/O pins for port P5 and 
P6. To use these pins as timer input pins, the data direction 
register bit corresponding to the pin must be cleared to “0” 
to specify input mode. 


TIMER A 

Figure 11 shows a block diagram of timer A. 

Timer A has four modes; timer mode, event counter mode, 
one-shot pulse mode, and pulse width modulation mode. 


The mode is selected with bits 0 and 1 of the timer Ai — 
Each of these modes is de- 


mode register (i=0 to 4). 
scribed below. 


Clock source selection 

¢ Timer 

* One-shot 

* Pulse width modulation 


aa 


fig —O 


Timer( gate function) 
alg) 


Polarity Event counter. 


selection 


External trigger 


Down count ———O 


Count start flag 


(40,6) 


(1) Timer mode (00) 

Figure 12 shows the bit configuration of the timer Ai mode 
register during timer mode. Bits 0, 1, and 5 of the timer Ai 
mode register must always be “0” in timer mode. | 
Bit 3 is ignored if bit 4 is “O”. | 

Bits 6 and 7 are used to select the timer counter source. 
The counting of the selected clock starts when the count 
start flag is “1” and stops when it is “0”. | 

Figure 13 shows the bit configuration of the count start flag. 
The counter is decremented, an interrupt is caused and the 
interrupt request bit in the timer Ai interrupt control register 
is set when the contents becomes 0000,,. At the same 


~ time, the contents of the reload register is transferred to the 


counter and count is continued. 


Th 1 (Lower 8 bits) ee (Higher 8 bits) 


Reload register(16) 


UU 


Counter(16) 





Addresses 

Up/Down TimerA0d 4716 4646 

Always decremented TimerAl 4916 4846 
except in event count modej|_. 

. TimerA2 4Byg 4Ai6 

TimerA3 4Dy6 4Ci¢ 


Timer A4 4Fig SE, 


Up-down flag O 


(4446) 


Pulse output 


Toggle flip-flop: _ 





Fig. 11 Block diagram of timer A 
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When bit 2 of the timer Ai mode register is “1”, the output 
is generated from TAigyr pin. The output is toggled each 
time the contents of the counter reaches to 0000;,. When 
the contents of the count start flag is “O”, “L” is output from 
TAiourt pin. . 

When bit 2 is “0”, TAinyy can be used as a normal port pin. 
When bit 4 is “0”, TAijy can be used as a normal port pin. 
When bit 4 is “1”, counting is performed only while the in- 
put signal from the TAijy pin is “H” or “L” as shown in Fi- 
gure 14. Therefore, this can be used to measure the pulse 


width of the TAijy input signal. Whether to count while the 


input signal is “H” or while it is “L” is determined by bit 3. If 
bit 3 is “1”, counting is performed while the TAi\, pin input 


7 66 5 4 3 2 1 0 





16-BIT CMOS MICROCOMPUTER 


signal is “H” and if bit 3 is “O”, counting is performed while 
itis “L”. | 
Note that the duration of “H” or “L” on the TAiny pin must be. 
two or more cycles of the timer count source. 

When data is written to timer Ai register with timer Ai 
halted, the same data is also written to the reload register 
and the counter. When data is written to timer Ai which is 
busy, the data is written to the reload register, but not to 
the counter. The counter is reloaded with. new data from 
the reload register at the next reload time. The contents of 
the counter can be read at any time. 

When the value set in the timer Ai register is n, the timer 
frequency dividing ratio is 1/(n +1). 


‘Addresses 
Timer AO mode register 5616 


Timer A1 mode register. 5746 
Timer A2 mode register 5816 


Timer A3 mode register S9ig 


_ Timer A4 mode register 5Aie | 


0 0 : Always “00” in timer mode 


: No pulse output (TAigur is normal port pin) 


: Pulse output 


: No gate function (TAijy is normal port pin) 
: Count only while TAijy input is “L” 


: Count only while TAijy input is “H” 


: Always “0” in timer mode 


Clock source selection bit 
00 : Select fe 

01 : Select fig - 

10 : Select fea 


1 : Select fs12 


Fig. 12 Timer Ai mode register bit configuration during timer mode 
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FB GR, De OG Count start flag Address 
‘ 4016 
LLL) a 


Timer AO count start flag 


Timer A1 count start flag 


Timer A2 count start flag 
Timer A3 count start flag 
Timer A4 count start flag 
Timer BO count start flag 
Timer B1 count start flag 


Timer B2 count start flag 





Fig. 13 Count start flag bit configuration 










Selected clock source fj 


—_—  tmoet ke 


Timer mode register 
Bit 4 Bit 3 






Timer mode register 


Bit 4 Bits 
UUW WU 


Fig. 14 Count waveform when gate function is available 
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(2) Event counter mode (01) 

Figure 15 shows the bit configuration of the timer Ai mode 
register during event counter mode. In event counter mode, 
the bit 0 of the timer Ai mode register must be “1” and bit 1 
and 5 must be “0”. | 


The input signal from the TAiin pin is counted. when the . 


count start flag shown in Figure 13 is “1” and counting is 

stopped when it is “0”. 

Count is performed at the fall of the input signal when bit 3 

is “O” and at the rise of the signal when it is “1”. 

In event counter mode, whether to increment or decrement 

the count can be selected with the up- -down flag or the in- 

put signal from the TAigyr pin. 

When bit 4 of the timer Ai mode register is “0”, the up- 

down flag is used to determine whether to increment or de- 

crement the count (decrement when the flag is “O” and in- 

_ crement when it is “1”). Figure 16 shows the bit eonngure: 
tion of the up-down flag. | 


When bit 4 of the timer Ai mode register is “1”, the input | 


_ signal from the TAioyr pin is used to determine whether to 
increment or decrement the count. However, note that bit 2 


must be “0” if bit 4 is “1” because if bit 2 is “1”, TAiour pin 


becomes an output pin with pulse output. 


The count is decremented when the input signal from the — 


TAiour pin is “L” and incremented when it is “H”. Deter- 
mine the level of the input signal from the TAigut pin be- 
fore valid edge is input to the TAijy pin. 

An interrupt request signal is generated and the interrupt 


request bit in the timer Ai interrupt control register is set. 
when the counter reaches 0000,, (decrement count) or 


FFFF,, (increment count). At the same time, the contents 
of the reload register is transferred to the counter and the 
count is continued. mag 

When bit 2 is “1” and the counter reaches 00001. 
(decrement count) or FFFF,,¢ (increment count), the wave- 
form reversing polarity is output from TAioyz pin. | 
If bit 2 is “0”, TAigyt pin can be used as a normal port pin. 
However, if bit 4 is “1” and the TAioyr pin is used as an 
output pin, the output from the pin changes the count direc- 
tion. Therefore, bit 4 should be “0” unless the output from 
the TAiour pin is to be used to select the count direction. — 








Addresses 
Timer AO mode register . 56,6. 


‘Timer A1 mode register 5716 
Timer A2 mode register’ 58, | 
Timer A3 mode register 5946 


Timer A4 mode register 5Are 


: Always “01” in event counter mode 


- No pulse output 
- Pulse output 





: Count at the falling edge of input signal 
: Count at the rising edge of input signal | 








: Increment or decrement according 
to up/down flag 
- Increment or decrement according 


to TAiour pin input signal level 








- Always “0”. in event counter mode 


: Not used in event counter mode © 


Fig. 15 Timer Ai mode register bit configuration 
during event counter mode 


E5432 4% a 
PEE TE ETT} up-down flag © "4 


Timer AO up-down flag 
Timer A1 up-down flag 
Tinee A2 up-down flag 
Timer A3 up-down flag 
Timer A4 up-down flag 


Timer A2 two-phase pulse signal 
processing selection bit 
0: Two-phase pulse signal processing 
disabled | pT es 
: Two-phase pulse signal processing 
mode . 


—Timer A3 two-phase pulse signal 
processing selection bit. 
0 : Two-phase pulse signal processing 
disabled 
ile Two-phase pulse signal processing . 
mode — 


Timer A4 two-phase pulse signal 
processing selection bit 
0 : Two-phase pulse signal processing ~ 
_ disabled 
1 : Two-phase pulse signal processing 
mode - ; 


Fig. 16 Up- eOwn flag bit contgoraen 
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Data write and data read are performed in the same way as 
for timer mode. That is, when data is written to timer Ai 
halted, it is also written to the reload register and the coun- 
ter. When data is written to timer Ai which is busy, the data 
is written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time. The counter can be read at any 
time. | 

In event counter mode, whether to increment or decrement 
the counter can also be determined by supplying two- 
phase pulse input with phase shifted by 90° to timer A2, A3, 


or A4. There are two types of two-phase pulse processing | 


operations. One uses timers A2 and A3, and the other uses 
timer A4. In either processing operation, two-phase pulse is 
input in the same way, that is, pulses out of phase by 90° 
are input at the TAjoyr (j=2 to 4) pin and TAjiy pin. 

When timers A2 and A3 are used, as shown in Figure 17, 
the count is incremented when a rising edge is input to the 
TAK y pin after the level of TAkoyr (k= 2, 3) pin changes 
from “L” to “H”, and when the falling edge is inserted, the 
count is decremented. 

For timer A4, as shown in Figure 18, when a phase related 
pulse with a rising edge input to the TA4n pin is input after 
the level of TA4our1 pin changes from “L” to “H”, the count 
is incremented at the respective rising edge and falling 
edge of the TA4oyz pin and TA4,, pin. 

When a phase related pulse with a falling edge input to the 
TA4our pin is input after the level of TA4iy pin changes 
from “H” to “L”, the count is decremented at the respective 
rising edge and falling edge of the TA4, pin and TA4oyrt 
pin. When performing this two-phase pulse signal proces- 


Up-count Up-count Up-count 







(k=2, 3) 


Down-count Down-count Down-count 


Fig. 17 Two-phase pulse processing operation of timer A2 and timer A3 


sing, timer Aj mode register bit 0 and bit 4 must be set to 
“4” and bits 1, 2, 3, and 5 must be “QO”. Bits 6 and 7 are 
ignored. Note that bits 5, 6, and 7 of the up-down flag reg- 
ister (44,,) are the two-phase pulse signal processing 
selection bit for timer A2, A3, and A4 respectively. Each 
timer operates in normal event counter mode when the cor- 
responding bit is “O” and performs two-phase pulse signal 
processing when it is “1”. 

Count is started by setting the count start flag to “1”. Data 
write and read are performed in the same way as for nor- 
mal event counter mode. Note that the direction register of 
the input port must be set to input mode because two- 


_phase pulse signal is input. Also, there can be no pulse 


output in this mode. 


Addresses 
Timer A2 mode register 5846 


Timer A3 mode register 5916 


Timer A4 mode register 5Ai6 


0 1 °: Always “01” in event counter mode 


0 100 : Always “0100” when processing 
two-phase pulse signal 


XX : Not used in event counter mode 





Fig. 19 Timer Aj mode register bit configuration when 
performing two-phase pulse signal processing 
in event counter mode 












ee a a a ae 


Up-count at each edge 


Down-count at each edge 4 \ 





‘Up-count at each edge 


Fig. 18 Two-phase pulse processing operation of timer A4 


~ Down-count at each edge 
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(3) One-shot pulse mode iG 0) 

Figure 20 shows the bit configuration of the timer Ai mode 
register during one-shot pulse mode. 
‘mode, bit 0 and bit 5 must be “0” and bit 1 and bit 2 must 
be “1”. 

The trigger is enabled when the count start flag is “1”. The 
trigger can be generated by software or it can be input 


from the TAijy pin. Software. trigger is selected when bit 4 


is “O” and the input signal from the TAijy pin is used as the 
trigger when it is “1”. | 

Bit 3 is used to determine whether to trigger at the fall of 
the trigger signal or at the rise. The trigger is at the fall of 
the trigger signal when bit 3 is “0” and at the rise of the 
trigger signal when it is “1”. . —— 
Software trigger is generated by setting the bit in the one- 


_ shot start flag corresponding to each timer. 
Figure 21 shows the bit configuration of the one-shot start 


flag. 

As shown in Figure 22, when a trigger signal is received, 
the counter counts the clock selected by bits 6 and 7. 

If the contents of the counter is not 0000,,, the TAiout pin 
goes an” when a wugaer signal is rece The count 
direction is decrement. 

When the counter reaches 000146, The TAigut pin goes “Le 


and count is stopped. The contents of the reload register is 


transferred to the counter. At the same time, an interrupt 
request signal is generated and the interrupt request bit in 
the timer Ai interrupt control register is set. This is repe- 


ated each time a trigger ine is received. The output | 


pulse width is 
| 
pulse frequency of the selected clock 
X(counter’s value at the time of trigger). 
If the count start flag is “0”, TAigyr goes “L”. Therefore, the 
value corresponding to the desired pulse width must be 


written to timer Ai before Sening the timer Ai count start 


flag. 

As shown in Figure 23, a trigger signal can be received be- 
fore the operation for the previous trigger signal is com- 
pleted. In this case, the contents of the reload register is 
transferred to the counter by the trigger and then that value 
is decremented. | | 
Except when retriggering while operating, the contents of 
the’ reload register is not transferred to the counter by trig- 
gering. | 

When retriggering, there must be at least one timer count 
source cycle before a new trigger can be issued. 

Data write is performed to the same way as for timer mode. 
When data is written in timer Ai halted, it is also written to 


' the reload register and the counter. 


When data is written to timer Ai which is busy, the data is 
written to the reload register, but not to the counter. The 
counter is reloaded with new data aor: the reload register 
at the next reload time. 

Undefined data is read when timer Ai is read. 


In one-shot pulse 








Addresses 


Timer AO mode register 5646 
5746 


5846 


Timer A1 mode register 
Timer A2 mode register 
- Timer A3 mode register 5946 


Timer A4 mode register. 5Aig 


. Always “10” in one-shot pulse mode 


: Always “1” in one-shot pulse mode 





: Software trigger . . 
: Trigger at the am edge of TAiy 
input 


- Trigger at the rising Side of TAinny 
input 








eae, Ge 


Clock source selection 


- Always “0” in one-shot pulse mode 





00 : Select f. 
01 ° Select fy, 
(10 : Select fe, 


1-1 i Select fs12 


- Fig. 20 Timer Ai mode register bit configuration during 


one-shot pulse mode 


Address 

ye eae eae . . 
One-shot start flag 4216 
Timer AO one-shot start flag - 
Timer A1 one-shot start flag 

Timer A2 one-shot start flag 

Timer A3 one-shot start flag 

Timer A4 one-shot start flag 


Fig. 21 One-shot start flag bit configuration 
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Selected clock 
source fj. 


TAin . 
(in case of the | 


rising edge) 


TAiout | | | | | 


Example when the contents of the reload register is 0003,, 





Fig. 22 Pulse output example when external rising edge is selected 


Selected clock 
source fj 


TAinn | f | i | | 





(in case of the 
rising edge) 


TAiout | | ; | . 


Example when the contents of the reload register is 0004,, 





Fig. 23 Example when trigger is re-issued during pulse output 
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(4) Pulse width modulation mode [11) 
' Figure 24 shows the bit configuration of the timer Ai mode 
register during pulse width modulation mode. In pulse 
width modulation mode, bits 0, 1, and 2 must be set to “1”. 
Bit 5 is used to determine whether to perform 16-bit length 
pulse width modulator or 8-bit length pulse width modula- 
tor. 16-bit length pulse width modulator is performed when 


bit 5 is “O” and 8-bit length pulse width modulator is per-_ 


formed when it is “1”. The 16-bit length pulse width mod- 
ulator is described first. 
The pulse width modulator can be started with a software 
trigger or with an input signal from a TAiy pin (external 
trigger). | : 
The software trigger mode is selected when bit 4 is “0”. 
Pulse width modulator is started and pulse is output from 
TAiour when the timer Ai start flag is set to “1”. | | 
The external trigger mode is selected when bit 4 is “1”. 
Pulse width modulator starts when a trigger signal is input 
from the TAin pin when the timer Ai start flag is “1”. 
Whether to trigger at the fall or rise of the trigger signal is 
determined by bit 3. The trigger is at the fall of the trigger 
signal when bit 3 is “O” and at the rise when it is “1”. 
When data is written to timer Ai with the pulse width mod- 
—ulator halted, it is written to the reload register and the 
counter. 
Then when the time Ai start flag is set to “1” anda vorwiire 
- trigger or an ‘external trigger is issued to start modulation, 
the waveform shown in Figure 25 is output continuously. 
Once modulation is started, triggers are not accepted. If 
the value in the reload register is m, the duration “H” of 
pulse is . 

| 1 

selected clock frequency " 
and the output pulse period is 

, 1 

selected clock frequency x(20— 1). 
An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt conte register is set at 
each fall of the output pulse. 
The width of the output pulse is siangea by updating timer 
data. The update can be performed at any time. The output 


pulse width is changed at the rise of the pulse after data is 


written to the timer. 

The contents of the reload register are transferred to the 
counter just before the rise of the next pulse so that the 
pulse width is changed from the next output pulse. 
Undefined data is read when timer Ai is read. 

The 8-bit length pulse width modulator is described next. 
The 8-bit length pulse width modulator is selected when 
the timer Ai mode register bit 5 is “1”. 


The reload register and the countér are both awiged into 8- 


bit halves. 


The low order 8 bits function as a prescaler and the high © 





order 8 bits function as the 8-bit length pulse width modula- 
tor. The prescaler counts the clock selected by bits 6 and 


7. A pulse is generated when the counter reaches 000016 


as shown in Figure 26. At the same time, the contents of 
the reload register is transferred to the counter and count is 
continued. | | 


Addresses 
Timer AO mode register 5646 


Timer A1 mode register 5716 
Timer A2 mode register 5816 
Timer A3 mode register 5946 


Timer A4.mode register  5Aj¢ 


: Always “11” in pulse width modulation 
mode 


- Always “1” in aillss width modulation 
mode 


: Software trigger 


- Trigger at the falling of TAijy input 





: Trigger at the rising of TAiy input 


: 16 bit pulse width modulator 


: 8 bit pulse width modulator 


Clock source selection bit 
0 0 : Select f, | 
01 : Select fig 
10 : Select fe4 


14 : Select fs12 


Fig. 24 Timer Ai mode register bit configuration during 
pulse width modulation mode 
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Therefore, if the low order 8-bit of the reload register is n, the length is 8 bits. If the high order 8-bit of the reload reg- 


the period of the generated pulse is ~ ister is m, the duration “H” of pulse is 
1 1 
X(n +1). 


selected clock frequency selected clock frequency 
The high order 8-bit function as an 8-bit length pulse width And the output pulse period is 
modulator using this pulse as input. The operation is the . 1 8 
eh ee 1) 
same as for 16-bit length pulse width modulator except that selected clock frequency 7 


X(n+1)X m. 


1/4) (2'®—-1) 


tt 


| | i 
Selected clock : ro ; “ | : 
source fj | ; 


| 
TAiny | NE | 
(in case of the | |S This trigger is not accepted | 
| 


rising edge) | | 
| 1/f,< (m) | 


ra 4 te ao¢ - me 


Example when the contents of the reload register is 0003i.¢ 





Fig. 25 16-bit length pulse width modulator output pulse example 


1/8 (n-+1) X (28-1) 


Selected clock 
source fj 


| | | 
| | | 
Gj l | 

TAin | . | Bena fe eae ce ates a ae 
(in case of the falling edge) : | ) . . 
| mz, 
| | a 
| | | 
. | | | -.% 


1/f{X< (n+1) 


Prescaler output 


(when n =2) 
| 


$f 1/8319 x<Cmm 


8-bit length pulse 
width modulator 


output 


(when m =2) 





Fig. 26. 8-bit length pulse width modulator output pulse example 
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TIMER B | 
Figure 27 shows a block diagram of timer B. — 
Timer B has three modes; timer mode, event counter mode, 


and pulse period measurement/pulse width measurement _ 
mode. The mode is selected with bits 0 and 1 of the timer © 


Bi mode register (i =0 to 2). Each of these modes is de- 
scribed below. | | 

(1) Timer mode (00) 

Figure 28 shows the bit configuration of the timer Bi mode 
register during timer mode. Bits 0, and 1 of the timer Bi 
mode register must always be “0” in timer mode. 

Bits 6 and 7 are used to select the clock source. The 


counting of the selected clock starts when the count start 


flag “1” and stops when “0”. 


Clock source selection 
: ¢ Timer 
fo ———0 


fie —O width measurement 


fea —~O 
fs12 ——O 


Polarity selection Event counter 
TBin = ()-4 and edge pulse O . 
(i=0~2) generator 


* Pulse period measurement/pulse 


Count start flag 
(40,6) 


16-BIT CMOS MICROCOMPUTER 


As shown in Figure 13, the, timer Bi count start flag is at the © 


same address as the timer Ai count start flag. The count is 
decremented, an interrupt occurs, and the interrupt request 
bit in the timer Bi interrupt control register is set when the 
contents becomes 0000,.. At the same time, the contents of 
the reload register is stored in the counter and count is 
continued. 3 | e 
Timer Bi does not have a pulse output function or a gate 
function like timer A. . | 

When data is written to timer Bi halted, it is written to the 
reload register and the counter. When data is written to 
timer Bi which is busy, the data is written to the reload reg- 
ister, but not to the counter. The counter is reloaded with 
new data from the reload register at the next reload time. 
The contents of the counter can be read at any time. | 


| (Lower 8 bits) (Higher 8 bits) 


' Addresses 
5116 5016 


Counter(16) 


Timer B1 5316 5216 
Timer B2 5516 5446 


Counter reset 
circuit | 


Fig. 27 Timer B block diagram 
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(2) Event counter mode (01) 
Figure 29 shows the bit configuration of the timer Bi mode 


register during event counter mode. In event counter mode, 
the bit 0 in the timer Bi mode register must be “1” and bit 1 
must be “0”. 

The input signal from the TBijy pin is counted when the 
count start flag is “1” and counting is stopped when it is “O”. 
Count is performed at the fall of the input signal when bits 
2, and 3 are “OQ” and at the rise of the input signal when bit 
3 is “O” and bit 2 is “1”. . 

When bit 3 is “1” and bit 2 is “O”, count is performed at the 
rise and fall of the input signal. 

Data write, data read and timer interrupt are performed in 
the same way as for timer mode. 

(3) Pulse period measurement/pulse width 


measurement mode (10) 
Figure 30 shows the bit configuration of the timer Bi mode 


register during pulse period measurement/pulse width 
measurement mode. | 

In pulse period measurement/pulse width measurement 
mode, bit 0 must be “O” and bit 1 must be “1”. Bits 6 and 7 
are used to select the clock source. The selected clock is 
counted when the count start flag is “1” and counting stops 
when it is “O”. : 

The pulse period measurement mode is selected when bit 
3 is “O”. In pulse period measurement mode, the selected 
clock is counted during the interval starting at the fall of the 


input signal from the TBijy pin to the next fall or at the rise» 


of the input signal to the next rise and the result is stored in 
the reload register. In this case, the reload register acts as 
a buffer register. 

When bit 2 is “0”, the clock is counted from the fall of the 


input signal to the next fall. When bit 2 is “1”, the clock is . 


counted from the rise of the input signal to the next rise. 

In the case of counting from the fall of the input signal to 
the. next fall, counting is performed as follows. As shown in 
Figure 31, when the fall of the input signal from TBi,y pin is 
detected, the contents ofthe counter is transferred to the 
reload register. Next the counter is cleared and count is 
started from the next clock. When the fall of the next input 
signal is detected, the contents of the counter is transferred 


to the reload register once more, the counter is cleared, | 


and the count is started. The period from the fall of the in- 
put signal to the next fall is measured in this way. 








Addresses 
Timer BO mode register 5By, 


Timer B1 mode register 5C,, 


Timer B2 mode register 5D,, 


0 0 : Always “00” in timer mode 


XX : Not used in timer mode and 
may be any 
Timer Bi overflow flag 


Clock source selection bit 
0 0 : Select f. 


01 ‘ Select fi.¢ 
10 : Select feg 
1 1 ° Select fs15 


Fig. 28 Timer Bi mode register bit configuration during 
timer mode 


Addresses 
Timer BO mode register 5Bi,¢ 


Timer B1 mode register 5Cis 


Timer B2 mode register 5Di., 


0 1 : Always “01” in event counter 
mode 
0 0 : Count at the falling edge of 
input signal 
- Count at the rising edge of 
input signal 
- Count at the both falling edge 
and rising edge of input signal 
Timer Bi overflow flag 


xx: Not used in event counter mode 


Fig. 29. Timer Bi mode register bit configuration during 
event counter mode 







Addresses 
SBi6 








Timer BO mode register 











Timer B1 mode register 5C,, 





Timer B2 mode register 5D4.¢ 


1 0 : Always “10” in pulse period 
measurement/pulse width 
measurement mode 

0 0 : Count from the falling edge of 
input signal to the next falling one 

0 1 : Count from the rising edge of 
Input signal to the next rising one 

1 0 : Count from the falling edge of 
input signal to the next rising one 
and from the rising edge to the 
next falling one 


Timer Bi overflow flag - 















Clock source selection bit 
00 : Select fz 


01 : Select fi, 
10 ° Select fe, 
11 : Select fs12 


Fig. 30 Timer Bi mode register bit configuration during _ 


pulse period measurement/pulse width 
measurement mode . 
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After the contents of the counter is transferred to the reload 
register, an interrupt request signal is generated and the 
’ interrupt request bit in the timer Bi interrupt control register 
is set. However, no interrupt request signal is generated 
when the contents of the counter is transferred first time to 
the reload register after the count start flag is set to “1”. 

When bit 3 is “1”, the pulse width measurement mode is 
selected. Pulse width measurement mode is similar to 
pulse period measurement mode except that the clock is 
counted from the fall of the TBi,, pin input signal to the next 
rise or from the rise of the input signal to the next fall as 


Selected clock 
source fj 


Reload register ~ counter eee, || ere Cee | ae 


| 
| 
| 


shown in Figure 32. , b 4 
When timer Bi is read, the contents of the reload register is 
read. : | 
Note that in this mode, the interval between the fall of the 

TBijy pin input signal to the next rise or from the rise to the 


| next fall must be at least two cycles of the timer count 


source. , 
Timer Bi overflow flag which is bit 5 of timer Bi mode regis- 
ter is set to “1” when the timer Bi counter reaches 00004.. 
This flag is. cleared by writing to corresponding timer Bi 
mode register. This bit is set to “1” at reset. 








Counter+-0 | | | | . 


| 
, | : 
. efi 
Count start flag | 7 : | 


Interrupt request signal Ty 


Pulse period measurement mode operation (example of mieeeuinng) the interval between the falling edge to 


Fig. 31 
next falling one) 


Selected clock 
source fj 


Reload register — Counter 


Counter-0 


. Count start flag 


Interrupt request signal — 
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Pulse output port mode 

Figure 33 shows a block diagram for pulse output port 
mode. In the pulse output port mode, two pairs of four-bit 
pulse output ports are used. Whether using pulse output 
port or not can be selected by waveform output selection 
bit (bit 0, bit 1) of waveform output mode register (624. 
address) shown in Figure 34. When bit 0 of waveform out- 
put selection bit is set to “1”, ports P57, P5g, P5s and P54, 


are used as pulse output ports (RTP1 selected), and when - 


bit 1 of waveform output selection bit is set to “1”, ports 
‘P53, P52, P5;, and P59 are used as pulse output ports 
(RTPO selected). When bits 1 and 0 of waveform output 
selection bit are set to “1”, ports P57, P5g, P5s, and P5,, and 
ports P53, P5., P5, and P59 are used as pulse output ports 
(RTP1 and RTPO selected). 

The ports not used as pulse output ports can be used as 
normal parallel ports or timer input/output. 

In the pulse output port mode, set timers A2 and AO to tim- 
er mode as timers A2 and AO are used. Figure 35 shows 
the bit configuration of timer AO, A2 mode registers in pulse 
output port mode. | 

Data can be set in each bit of the pulse output data regis- 


2 


4 
Pulse width modulation selection bit ee 
(Bit 4, 5 of 62;, address) 


Pulse width modulation output 
by timer A3 |>0 


Pulse width modulation output 
by timer A1 De. 0 


Pulse output data 
register 1 (64,, address) 


Pulse output data 
register 0 (65,5 address) 


Timer AQ 


Fig. 33 Block diagram for pulse output port mode 





ter corresponding to four ports selected as pulse output 
ports. Figure 36 shows the bit configuration of the pulse 
output data register. The contents of the pulse output data 
register 1 (low-order four bits of 64,4, address) correspond- 
ing to ports P57, P5g, P5s and P5, is output to the ports 
each time the counter of timer A2 becomes 0000... The 
contents of the pulse output data register 0 (low-order four 
bits of 65,, address) corresponding to ports P53, P52, P54, 
and P5p is output to the ports each time the counter of tim- 
er AO becomes 00004. 
When “0” is written to a specified bit of the pulse output 
data register, “L” level is output to the corresponding pulse 
output port when the counter of corresponding timer be- 
comes 0000,.¢, and when “1” is written, “H” level is output to 
the pulse output port. 

Pulse width modulation can be applied to each pulse out- 
put port. Since pulse width modulation involves the use of 
timers A3 and A1, activate these timers in pulse width mod- 
ulation mode. When a certain bit of the pulse output regis- 
ter is “1”, pulse width modulation is output from the pulse 
output port when the counter of the corresponding timer 
becomes 0000; ¢. 


©) Ps, (RTP1,) 
() P5. (RTPI) 
C) P5s (RTP1;) 


~C) P54 (RTP19) 


Lb>—_>————_© Ps (RTP 0.) 
——}>—_>—-———  P5 (RTPo,) 
D—_b>—_© P55; (RTP0,) 
b—e———-€© Pn (RTP 0p) 


a Polarity selection bit 
(Bit 3 of 62;, address) . 
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Ports P5,, P5e, P5s and P5, are applied Slee width mod- 


ulation by timer A3 by setting the pulse width modulation 


selection bit by timer A3 (bit 5) of the waveform output 
mode register to “1”. 
Ports P53, P52, P5, and P59 are acolied pulse width mod- 


ulation by timer A1 by setting the pulse width modulation: 
selection bit by timer A1 (bit 2 of the waveform output 


mode register to “1”. 


The contents of the pulse output data ‘euialer 0 can be re- | 


versed and output to pulse output ports P53, P5a, P5, and 
P5_ by the polarity selection bit (bit 3) of the waveform out- 
put mode register. When the polarity selection bit is “0”, 
the contents of the pulse output data register 0 is output 
unchangeably, and when “1”, the contents of the pulse out- 


put data register 0 is reversed and output. When pulse 


width modulation is applied, likewise the polarity reverse to 
pulse width modulation can be selected by the polarity 
selection bit. | 

Figure 3/7 shows example of wavelodne in pee pulpu port 
mode. 


Address 


Waveform output selection bit 
0 0 : Parallel port 
0.1 : RTP1 selected 


1 0 : RTPO selected 
1 1 : RTP1 and RTPO selected 


Polarity selection bit 

0 : Positive polarity 

1! Negative polarity ; 
Pulse width modulation selection bit 
by timer Al 

~ 0 ! Not modulated 

1 : Modulated 

Pulse width modulation selection bit 
by timer A3 . 

0 : Not modulated 

Le Modulated 


Fig. 34 Waveform output mode pggieten bit configura- 
tion | 








Address 


ne AO mode register 5616 


Timer A2 mode register 5816 


Always “100” in pulse output 
port mode — 


~ Not used in pulse output port mode 
Always “00” in pulse output port mode 


Clock source selection bit 


0 0 : Select f. 
01 : Select fig 
1 0 : Select fea 
1 1 : Select fs12 


Fig. 35 Timer AO, A2 mode register bit Couigareion in 
Pulse output port mode 


ot OS Be 


DDDTTIT. 


Address 


Pulse output data register 1 6446 


Pulse output data bit of port P5, 

Pulse output data bit of port P5; 

Pulse output data bit of port P5, 
2 \ 


Pulse output data bit of port P5, 


Address 
Pulse output data register 0 6516 


Pulse output data bit of port P5o 
Pulse output data bit of port P5, 
Pulse output data bit of port P5, 


Pulse output data bit of port P5, 


Fig. 36 Pulse output data register bit configuration 
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Example of pulse output port (ports P5;~P5,) 
Output signal at each time 


when timer A2 becomes ee | es | ee | a | cen | ae | eee: | eae enn | (eames 


Port P57 | | | 

Port P5, . | | . | 

Port P5; | | 

Port P5, | | 


Example of pulse output port (ports P5;~P5,) when pulse width modulation is applied by timer A3. 


Output signal at each time 


when timer A2 becomes 0000;. fl f f] fl fl ; fl fl f] 


Port P5¢ LLU LL . 
Port P5s | | | LULL 
~ Port P5, | HL | LIL | 


Example of pulse output port.(ports P53~P5 9) when pulse width modulation is applied 
by timer A1 with polarity selection bit=“1”. 


Output signal at each time 


when timer AO becomes 00004. i I I N fl Nl 1 fl 


Port P53 | LULL . oe - 
Port P5, | WU L ULL UU | | 

Port P5, | = | | UUUUUUUUY | | 
ies | , | | | VU UU UU . 





Fig. 37 Example of waveforms in pulse output port mode 
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SERIAL I/O PORTS 

Two independent serial I/O ports are provided. Figure 38 
shows a block diagram of the serial I/O ports. 

Bits 0, 1, and 2 of the UARTI (i 
mode register shown in Figure 39 are used to determine 
whether to use port P8 as parallel port, clock synchronous 
serial I/O port, or asynchronous (UART) serial 1/O port us- 


UART receive) 
——_——_—o 


: 1/16 Divider 
Bit rate 
generator 

UART0(3146) 

UART1(39,,) 


Internal 


1/(n+1) 
Divider 


Clock source selection 
11/16 Divider Divider 
f2 —o 


fis —O 


fea -o 


1/2 Divider 


Clock synchronous 
(Internal clock) 
4 


f512 —o 
External 


cLki CQ} 


— CTSi/RTSi 


CC} 





Fig. 38 Serial I/O port block diagram 


=0, 1) Transmit/Receive © 


Clock synchronous, | 


Clock synchronous 
Clock synchronous 

(internal clock) 
O 


pee 


ing start and stop bits. | | 

Figures 40 and 41 show the connections of ecsiveueancmiie’ 

according to the mode. 

Figure 42 shows. the bit configuration of the UARTIi transmit/ 

receive control register. 
-Each communication method is described below. 


Data bus(odd) 


Data bus(even) 


a ee ee Receive buffer register 


UARTO0(3746,.3646) - 
UART1(3Fi¢, 3Ei¢) 


Receive register 


Receive | Receive clock 


control 
circuit 


UART transmission 


Tranemission}| !ransmission clock 
0 eee circui 
Transmission register 





Clock synchronous 


(External clock) Paes 
poe buffer register 


5) UARTO( 33:6, 3216) 


| ©] UART1(3Bi6, 3Ai6) 
Data bus 


mmc 


Data bus(even) 


Addresses 


fo SHES eee. UART 0 Tiahemi/Receive mode register 
CLIT TT UART 1 Transmit/Receive mode register 
ial communication method selection bit 
: Parallel port 
: Clock synchronous 
: 7-bit UART 
8-bit UART 
11.0 : 9-bit UART 
Internal clock/External clock selection bit 
0 : Internal clock 
1 : External clock 
-- Stop bit length selection bit 
0 : 1 stop bit 
1: 2 stop bits 
Even/Odd parity selection bit 
0 : Odd parity 
1 : Even_parity 
Parity enable selection bit 
0 : No parity 
1 : With parity 
Sleep selection bit 
0 : No sleep 


1 : Sleep 


Se 
0 
0 
1 
1 



































3016 
38, 


Fig. 39 ile Transmit/Receive mode register bit configuration 





2—266 | 





MITSUBISHI MICROCOMPUTERS 


M37732S4FP,M37732S4AFP 
M37732S4BFP 


16-BIT CMOS MICROCOMPUTER 


ive b 
fe tTeToTe fete Toto ale Tele tele Lee a 


im - ; ml E: Receive 


register 


Synchronous 


Synchronous 





Fig. 40 | Receiver block diagram 


Daa busledd) 


a busCeven) 


= Tele te pepe pepe butter register 


2 stop bit . 
Parity é et eo 
“ug” Stop Stop [Oo Parity [ 9 bit 
bit bit 


bit ONG O 


. Transmission register 
1 stop bit: Synchronous 
6é 0 th 





Fig. 41 Transmitter block diagram 


Addresses 
a 0 Transmit/Receive control register 0 3446 


UART 1 Transmit/Receive control registerO — 3Cig 


Clock source selection bit 
00 : Select f, 


01 : Select fis 
10 : Select fg, 
1 ae Select fe12 


CTS, RTS Selection bit 
0 : Select CTS 
1 : Select RTS 


Transmission register empty bit 


7 ae aoe ee Addresses 
es 0 Transmit/Receive control register 1 3516 | 


__UART 1 Transmit/Receive control register 1 3Di¢ 
Transmit enable flag . 
Transmit buffer empty flag 
Receive enable flag 

— Receive completion flag 





Overrun error flag 
— Framing error flag 
Parity error flag 


Error sum flag 





Fig. 42 UARTi Transmit/Receive control register bit configuration 
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CLOCK SYNCHRONOUS SERIAL 
COMMUNICATION 

A case where communication is performed neiween two 
clock synchronous serial I/O ports as shown in Figure 43 
will be described. (The transmission side will be denoted 
by subscript j and the receiving side will be denoted by 
subscript k.) 


Bit O of the UART}j transmit/receive mode register and 


UARTk transmit/receive mode register must be set to “1” 
and bits 1 and 2 must be “0”. The length of the transmission 
data is fixed at 8 bits. 

Bit 3 of the UARTj transmit/receive mode register of the 
clock sending side is cleared to “0” to select the internal 
clock. Bit 3 of the UARTk transmit/receive mode register of 
the clock receiving side is set to “1” to select the external 
clock. Bits 4, 5 and 6 are ignored in clock synchronous 
mode. Bit 7 must always be “0”. 

The clock source is selected by bit 0 (CS) and bit 1 
(CS,) of the clock sending side UARTj transmit/receive 
control register 0. As shown in Figure 38, the selected 


clock is divided by (n +1), then by 2, passed through a | 


transmisson control circuit, and output as transmisson clock 
- CLKj. Therefore, when the selected clock is fi, 


Bit Rate=fi/{ (n +1) <2} 


On the. clock receiving side, the CSg and CS, bits of the 
UARTK transmit/receive control register are ignored be- 
cause an external clock is selected. 

The bit 2 of the clock sending side UART]j transmit/receive 
control register is clear to “O”to select CTSj input. The bit 2 
of the clock receiving side is set to “1” to select RTSk out- 
put. CTS, and RTS signals are described later. 





Transmission 

' Transmission is started when the bit 0 (TEj flag) of UARTj 
transmit/receive control register 1 is “1”, bit 1 is (TIj flag) 
of one is “0”, and CTSj input is “L”. As shown in Figure 44, 





data is output from TxDj pin when transmission clock CLKj 


changes from “H” to “L”. The data is output from the least 
significant bit. 

The Tlj flag indicates whether the transmission buffer regis- 
ter is empty or not. It is cleared to “O” when data is written 
in the transmission buffer register and set to “1” when the 
contents of the transmission puter register is transferred to 
the transmission register. 

When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 


cally from the transmission buffer register to the transmis- 


sion register if the next transmission start condition is satis- 
fied. If the bit 2 of UART] transmit/receive control register 0 
is “1”, CTSj input is ignored and transmission start is con- 
trolled only by the TEj flag and Tlj flag. Once transmission 
~ has started, the TEj flag, Tlj flag, and CTSj signals are 
ignored until data transmission completes. Therefore, trans- 








mission is not interrupt when CTSj Input is changed to “H” 
during transmission. _ : 

The transmission start condition indicated by TEj flag, Tj 
flag, and CTSj is checked while the Tenpj signal shown in 
Figure 44 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission buffer register and Tlj flag is cleared to “0” before 
the Tenpj signal goes “H”. 


_ The bit 3 (TxEPTYj flag) of UARTj transmit/receive control — 


register 0 changes to “1” at the next cycle after the Tenpj 
signal goes “H” and changes to “0” when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmission has completed. | 
When the Tlj flag changes from “0” to “1”, the interrupt re- 
quest bit in the UARTj transmission nie icupt control regis- 
ter is set to “1”. 


Receive 


Receive starts when the bit 2 (REx flag) of UART, trans- 
mit/receive control register 1 is set to “1”. 

The RTSk output is “H” when the REx flag is “O” and goes 
“L” when the REx flag changed to “1”. It goes back to “H” 
when receive starts. Therefore, the RTS output can be 
used to determine whether the receive register is ready to 
receive. It is ready when RTSk output is “L”. 











_ The data from the RxD pin is retrieved and the contents of 


the receive register is shifted by 1 bit each time the trans- 
mission clock CLKj changes from “L” to“H”. When an 8-bit 
data is received, the contents of the receive register is 


transferred to the receive buffer register and the bit 3 (RIk 


flag) of UART, transmit/receive control register 1 is set to 
“1”. In-other words, the setting of the RIk flag indicates that 
the receive buffer register contains the received data. At 
this point, RTSj output goes “L” to indicate that the next 
data can be received. When the Rik flag changes from “0” 
to “1”, the interrupt request bit in the UARTx receive inter- 
rupt control register is set to “1”. Bit 4 (OER, flag) of 
UARTk transmit/receive control register is set to “1” when 
the next data is transferred from the receive register to the 
receive buffer register while Rlk flag is “1”, and indicates 
that the next data was transferred to the receive register | 
before the contents of the receive buffer register was read. 
Rlk and OER flags are cleared automatically to “0” when 
the low-order byte of the receive buffer register is read. 





The OER k flag is also cleared when the RE k flag is 


cleared. Bit 5 (FERk flag), bit 6 (PERk flag), and bit 7 
(SUMk flag) are ignored in clock synchronous mode. 
As shown in Figure 38, with clock synchronous serial com- 


munication, data cannot be received unless the transmitter 


is operating because the receive clock is created from the 
transmission clock. Therefore, the transmitter must be oper- 
ating even when there is no data to be sent from aa to 


UART]. 
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register 0 
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Fig. 43 Clock synchronous serial communication 
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Fig. 44 Clock synchronous serial !/O timing se z 
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ASYNCHRONOUS 

SERIAL COMMUNICATION 

_ Asynchronous serial communication can be performed us- 
ing 7-, 8-, or 9-bit length. data. The operation is the same 
for all data lengths. The following is the description for 8-bit 
asynchronous communication. 


With 8-bit asynchronous communication, the bit 0 of UARTI. 


transmit/receive mode register is “1”, the bit 1 is “0”, and 
the bit 2 is “1”. | 

Bit 3 is used to select an internal clock or an external 
clock. If bit 3 is “0”, an internal clock is selected and if bit 3 


is “1”, then external clock is selected. If an internal clock is. 


selected, the bit 0 (CS ) and bit 1. (CS,) of UARTi transmit/ 
receive control register 0 are used to select the clock 
source. When an internal clock is selected for asynchro- 
nous serial communication, the CLK pin can be used as a 
normal I/O pin. | 3 


—> = (1/f, or 1/fext) X (n+1) X16 


Transmission. 
clock 


TE; 
Tj 
Write in transmission buffer regisger 


CTS 


Tenpij 
Start bit 


Parity bit Stop bit 


Teo; \8t BKB KP-XEE.XDINBLNEIKP Yon ABIX NEAOSXEONEINON EY se 





" The selected internal or external clock is divided by (n+ 1), 
then by 16, and passed through a control circuit to create 


the UART transmission clock or UART receive clock. 

Therefore, the transmission speed can be changed by 
changing the contents n of the bit rate generator. If the 
selected clock is an internal Clock ‘fi or an external clock 


fexr, 
Bit Rate =(fj or fear (n+1) x16] 


Bit 4 is the stop bit length selection bit to select 1 stop bit 
or 2 stop bits. 


| The bit 5 is a selection bit of odd parity or even parity. 


In the odd parity mode, the parity bit is adjusted so that the 
sum of the 1’s in the data and parity bit is always odd. 

In the even parity mode, the parity bit is adjusted so that 
the sum of the 1’s in the data and parity bit is always even. 


Transmission register «-Transmission 


buffer register 


Stopped because TEj= “0” 


ST (Do XD) 


TXEPTY; | [| i = | 


Fig. 45 Transmit timing example when 8-bit asynchronous communication with parity and 1 stop bit is selected 


athe 1/8, of 1/fext) X (n-E1) X16 


Transmission 
‘clock 


TE 


The 


Write in transmission buffer register © 


TEnpi 


Start bit 


TxEPTY; - 


Stop Bit Stop Bit 


Toi sT, BOOQHOOOOSE sp. SP\ST, YO IXSOONY. SP SP 





- Transmission registers-Transmission _ 


buffer register 
Stopped si i 


ST. OOK D> 


Fig. 46 Transmit timing example when 9-bit asynchronous communication with no parity and 2 stop bits is selected 





2—270 


MITSUBISHI MICROCOMPUTERS 


M37732S4FP, M37732S4AFP 


M37732S4BFP 


16-BIT CMOS MICROCOMPUTER 





Bit 6 is the parity bit selection bit which indicates whether 
to add parity bit or not.. . 

Bits 4 to 6 should be set or reset according to the data for- 
mat of the communicating devices. | 


Bit 7 is the sleep selection bit. The sleep mode is de- 


scribed later. 

The UART] transmit/receive control regisger O bit 2 is used 
to determine whether to use CTS; input or RTS; output. 
CTSj input used if bit 2 is “O” and RTSj output is used if bit 
2 is “1”. 

if CTSj input is selected, the user can control whether to 
stop or start transmission by external CTS; input. RTS; will 
be described later. 





Transmission | 

Transmission is started when the bit 0 (TEi flag) of UARTj 
transmit/receive control register 1 is “1”, the bit 1 (Tlj flag) 
is “0”, and CTSj input is “L” if CTS; input is selected. As 
shown in Figure 45 and 46, data is output from the TxDj pin 
with the stop bit and parity bit specified by the bits 4 to 6 of 
UART] transmit/receive mode register bits. The data is out- 
put from the least significant bit. 

The Tlj flag indicates whether the transmission butter is 
empty or not. It is cleared to “O” when data is written in the 
transmission buffer and set to “1” when the contents of the 
transmission buffer register is transferred to the transmis- 
sion register. . 


fj or fexr 
RE; 
RxDj 


Receive 
Clock 


Starting at the falling 
' edge of start bit 


Rlj 





When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally form the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. 

Once transmission has started, the TEj flag, Tlj flag, and 
CTS; signal (if CTS; input is selected) are ignored until 
data transmission is completed. | 
Therefore, transmission does not stop until it completes 
even if the TE; flag is cleared during transmission. 

The transmission start condition indicated by TEj flag, Tlj 
flag, and CTSj is checked while the Tenpi signal shown in 
Figure 45 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission butter register and Tlj flag is cleared to 0 before 
the Tenpij signal goes “H”. 

The bit 3 (TxEPTYj flag) of UARTj transmit/receive control 
register 0 changes to “1” at the next cycle after the Tenpij 
signal goes “H” and changes to “0” when transmission 
Starts. Therefore, this flag can be used to determine 
whether data transmision is completed. 

When the Tlj flag changes from “0” to “1”, the interrupt re- 
quest bit in the UART] transmissoin interrupt control regis- 
ter is set to “1”. 


Receive 

Receive is enabled when the bit 2 (REj flag) of UARTj 
transmit/receive control register 1 is set. As shown in Fi- 
gure 47, the frequency divider circuit at the receiving end: 
begin to work when a start bit is arrived and the data is re- 
ceived. 


Stop bit 


Fig. 47 Receive timing example when 8-bit asynchronous communication with no parity and 1 stop bit is selected 
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If RTS; output is selected by setting the bit 2 of UARTj 
transmit/receive control register 0 to “1”, the RTSi output is 
“H” when the REj flag is “O”. When the REj flag changes to 


“1”, the RTSi output goes “L” to indicate receive ready and 


returns to “H” once receive has started. In other words, 
RTSj output can be used to determine externally whether 
the receive register is ready to receive. 

The entire transmission data bits are received when the 
start bit passes the final bit of the receive block shown in 





Figure 40. At this point, the contents of the receive register 


is transferred to the receive buffer register and the bit 3 of 
UARTj transmit/receive control register 1 is set. In other 
words, the Rij flag indicates that the receive buffer register 
contains data when it is set. If RTS; output is selected, RTS; 
output goes “L” to indicate that the register is ready to re- 
ceive the next data. | | 

The interrupt request bit in the UARTj receive interrupt 
control register is set when the RIj flag changes from “0” to 
21s 

The bit 4 (OER; ge of UART; transmission control register 
1 is set when the next data is transferred from the receive 
register to the receive buffer register while the Rlj flag is 
“1”. In other words when an overrun error occurs. If the 
OER; flag is “1”, it indicates that the next data has been 


transferred to the receive buffer register before the con- 


tents of the receive butter register has been read. 


Bit 5 (FER; flag) is set when the number of stop bits is less 


than required (framing error). 

Bit 6 (PERj flag) is set when a parity error occurs. 

Bit 7 (SUMj flag) is set when either the OER} flag, FER; 
flag, or the PER; flag is set. Therefore, the SUMj flag can 
be used to determine whether there is an error. 

The setting of the Rij flag, OER; flag, FERj flag, and the 
PERI flag is performed while transferring the contents of 
the receive register to the receive buffer register. The Rl} 
OERi, FERj, PERj, and SUMj flags’ are cleared when the 
low ‘ order byte of the receive buffer'register is read or 
when the Rj flag is cleared. | 


Sleep mode 

The sleep mode is used to communicate only between cer- 
tain microcomputers when multiple microcomputers are 
connected through serial I/O. | 
The sleep mode is entered when the bit 7 of UART} trans- 
_ mit/receive mode register is set. 


The operation of the sleep mode for an 8-bit asynchronous | 


communication is described below. 

_ When sleep mode is selected, the contents of the receive 
register is not transferred to the receive buffer register if 
bit 7 (bit 6 if 7-bit asynchronous communication and bit 8 if 


9-bit asychronous communication) of the received data is — 


“0”. Also the Rij, OER), FER, PER, and the SUMj flag are 


unchanged. Therefore, the interrupt request bit of the. 


- UART| receive interrupt control register is also unchanged. 


Normal receive eaten takes place when bit. 7of the. re- 
ceived data is “1”. - 

The following is an example of how the sicse mode can be 
used. 


‘The main microcomputer first sends data with. bit 7 set to 


“1” and bits 0 to 6 set. to the address of the subordinate 
microcomputer which wants to communicate with. Then all 


subordinate microcomputers receive the same data. Each 


subordinate microcomputer checks the received data, 
clears the sleep bit if bits 0 to 6 aré its own address and 
sets the sleep. bit if not. Next the main ‘microcomputer 
sends data with bit 7 cleared. Then the microcomputer with 
the sleep bit cleared will receive the data, but the micro- 
computer with the sleep bit set will not: In this way, the 
main microcomputer is able to communicate with only the 
designated microcomputer. 
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A-D CONVERTER 

The A-D converter is an 8-bit successive approximation 
converter. 

Figure 48 shows a block diagram of the A-D converter and 
Figure 49 shows the bit configuration of the A-D control 
register. The frequency of the A-D converter operating 
clock ¢ap is selected by the bit 7 of the A-D control regis- 
ter. When bit 7 is “0”, dap is the clock frequency divided by 
8. That is, 6ap=f(Xin)/8. When bit 7 is “1”, dap is the clock 
frequency divided by 4 and ¢ap is=f(Xw)/4. The dap dur- 
ing A-D conversion must be 250kHz minimum because the 
comparator consists of a capacity coupling amplifier. 

The operating mode is selected by the bits 3 and 4 of A-D 
control register. The available operating modes are one- 
shot, repeat, single sweep, and repeat sweep. 

The bit of data direction register bit corresponding to the 
A-D converter pin must be “0” (input mode) because the 
analog input port is shared with port P7. 

The operation of each mode is described below. 


Address 


A-D control register 1 1Ei¢ | 


Analog input selection bit. 


.- 000 : Select ANo 


: Select AN, 
: Select AN» 
: Select AN; 
- Select AN, 
: Select ANs 
: Select ANg 
: Select AN? 
A-D operation mode selection bit 
0 0 : One-shot mode 
0 1 : Repeat mode 
1 0 : Single sweep mode 
1 1 : Repeat sweep mode 
Trigger selection bit 
0 : Software trigger 
1 : ADrao input trigger 
A-D conversion start flag 
0 : Stop A-D conversion 


1 : Start A-D conversion 


Frequency selection flag 
0 : Select f(Xin)/8 


1 : Select f(Xy)/ 4 





Fig. 49 A-D control register bit configuration 


A-D conversion speed selection 


Fn) C : ae ee 


Ladder network 


4 


Successive approximation register 


A-D register 0 (20,¢) 
A-D register 1 (2216) 
A-D register 2 (2416) 





ister 2 ( 
A-D register 3 (2616) 
A-D register 4 (284¢) 


A-D register 5 (2Ai6) es 
A-D register 6 (2C4¢) | Comparator — 
A-D register 7 (2E16) 





Fig. 48 A-D converter block diagram 
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(1) One-shot mode (00) 


The A-D conversion pins are selected with the bit 0 to 2 of 


A-D control register. A-D conversion can be started by a 


software trigger or by an external trigger. 

A software trigger is selected when the bit 5 of A-D control 
register is “O” and an external trigger is selected when it is 
a has | : 
When a software trigger is selected, A-D conversion is 
started when bit 6 (A-D conversion start flag) is set. A-D 
_ conversion ends after 57 ¢,p cycles and an interrupt re- 
quest bit is set in the A-D conversion interrupt control reg- 
ister. At the same time, A-D control register bit 6 (A-D con- 
version start flag) is cleared and A-D conversion stops. The 


result of A-D conversion is stored in the A-D register cor- 


responding to the selected pin. 

If an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is “1” and the ADyrq in- 
put changes from “H” to “L”. In this case, the pins that can 
be used for A-D conversion are ANo to ANg because the 
ADrre pin is shared with the analog voltage input pin AN-. 
The. operation is the same as with software trigger except 








_ that the A-D conversion start flag is not cleared after A-D~ 


conversion and a retrigger can be available during A-D 
conversion. 
(2) Repeat mode (01) 


The operation of this mode is the same as the eperation of 


one-shot mode except that when A-D conversion of the — 


selected pin is complete and the result is stored in the A-D 


register, conversion does not stop, but is repeated. Also, no. 


interrupt request is issued in this mode. Furthermore, if 
software trigger is selected, the A-D conversion start flag is 
not cleared. The contents of the A-D register can be read 
at any time. | | 


(3) Single sweep mode [10) 


In the sweep mode, the number of analog input pins to be © 


swept can be selected. Analog input pins are selected by 
bits 1 and 0 of the A-D sweep pin selection register (1Fi¢ 
address) shown in Figure 50. Two pins, four pins, six pins, 
or eight pins can be selected as analog input pins, de- 
pending on the contents of these bits. 


A-D conversion is performed only for selected input. pins. | 


After A-D conversion is performed for input of ANo pin, the 
conversion result is stored in A-D register 0, and in the 
same way, A-D conversion is performed for selected pins 
one after another. After A-D conversion is performed for all 
selected pins, the sweep is stopped. : 

A-D conversion can be started with a software trigger or 
with an external trigger input. A software trigger is selected 
when bit 5 is “O” and an external trigger is selected when it 
“is. _ | | 

When a software trigger is selected, A-D conversion is 


started when A-D control register bit 6 (A-D conversion 


start flag) is set. When A-D conversion of all selected pins 
end, an interrupt rogues bit is set in the A-D conversion in- 





terrupt control register. At the same time, A-D control regis- 
ter bit 6 (A-D conversion start flag) is cleared and A-D 
conversion stops.. “2 
When an external trigger is selected, A- D conversion starts 
when the A-D conversion start flag is “1” and the ADzrg in- 
put changes from “H” to “L”. In this case, the A-D conver- 
sion result of the trigger input itself is stored in the A-D 
register 7 because the ADrrg pin is shared with AN; pin. 
The operation is the same as done by software trigger ex- 
cept that the A-D conversion start flag is not cleared after 
A-D conversion and a retrigger can be available SUnIng ms D. 
conversion. 

(4) Repeat sweep mode [11] 

The difference with the single sweep mode is that A-D 
conversion does not stop after converting from the ANo pin 
to the selected pins, but repeats again from the ANo pin. 
The repeat is performed among the selected pins. Also, no 
interrupt request is generated. Furthermore, if software trig- 
ger is selected, the A-D conversion start flag is not cleared. 
The A-D register can be read at any time. 








A-D sweep pin’ Address 


selection register 1Fy¢ 


> ANo, AN, (2 pins) 

> ANo~AN3 (4 pins) 
: ANo~ANs (6 pins) 
> ANo~AN; (8 pins) 


Fig. 50 A-D sweep pin selection register configuration 
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WATCHDOG TIMER 
The watchdog timer is used to detect unexpected -execu- Mate cog Smet . | 

tion sequence caused by software run-away. HEQUGNCy eee pa a ae 
Figure 51 shows a block diagram of the watchdog timer. . econ ee 
The watchdog timer consists of a 12-bit binary counter. 

The watchdog timer counts the clock frequency divided by 
32 (fag) or by 512 (fs12). Whether to count fo or fs12 is de- 
termined by the watchdog timer frequency selection flag 
shown in Figure 52. fs;2 is selected when the flag is “O” and 
f32 is selected when it is “1”. The flag is cleared after reset. 
FFF,, is set in the watchdog timer when “L” or 2Vcc is ap- 
plied to the RESET pin, STP instruction is executed, data is 
written to the watchdog timer, or the most significant bit of 
the watchdog timer become “0”. | 
After FFF,, is set in the watchdog timer, the contents of 
watchdog timer is decremented by one at every cycle of 
selected frequency fs. or fs;42, and after 2048 counts, the 
most significant bit of watchdog timer become “0”, and a 
watchdog timer interrupt request bit is set, and FFF; is Fig. 51 
preset in the watchdog timer. 

Normally, a program is written so that data is written in the 
watchdog timer before the most significant bit of the watch- 


Write to watchdog timer 


STP instruction 





Watchdog timer block diagram 


dog timer become “0”. If this routine is not executed due to Address 
unexpected program execution, the most significant bit of Watchdog timer = 1, 
the watchdog timer become eventually “O” and an interrupt a a 

is generated. | 0 : Select fs12 

The processor can be reset by setting the bit 3 (software 1 : Select fs, 


reset bit) of processor mode register described in Figure 
10 in the interrupt section and generating a reset pulse. 
The watchdog timer stops its function when the RESET pin 
voltage is raised to double the Vcc voltage. 

The watchdog timer can also be used to recover from when 
the clock is stopped by the STP instruction. Refer to the 
section on clock generation circuit for'more details. 

The watchdog timer hold the contents during a hold state 
and the frequency is stopped to input. 








Fig. 52 Watchdog timer frequency selection flag 
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RESET CIRCUIT | | | 
Reset occurs when the RESET pin is returned to “H” level 
after holding it at “L” level when the power voltage is at 5V 
+10%. Program execution starts at the address formed by M37732S4FP 
setting the address pins As3~ Aig to 0016, Ais ~~ Ag to the 
contents of address FFFF1., and A7~ Ap to the contents of 
address FFFE4g. | 
Figure 53 shows the status of the internal registers when a 
reset occurs. 
Figure 54 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.9V or lower when the power vol- 
tage reaches 4.5V. | | Fig. 54 Example of a reset circuit (perform careful 

| | evaluation at the system design level before using) 


RESET 












Address | . Address . 
Waveform output mode register (6216)""° ra 0;0/0 | 0 0| 


(2) Port P5 data directional register (ODj.)--: 00:6 (29) A-D conversion interrupt control register (70i6)"*° x X x X 0/0/0/0 

| | 00:6 (30) UART 0 transmission interrupt sai register (7146)°° XIX)X] 0 | 0] 0] | 
? (31) UART 0 receive interrupt control register (72i6)""' X x x x 0;0;0/0 
(5) Port P8 data directional register (1416)::: UART 1 transmission interrupt control register (7346)°°° MK DXIX)X] 0} 0. 0/0 


(6) A-D control register (1 Eis): }o|0}0/0/?| 2) a (33) UART 1 receive interrupt control register (7416)-"" Loe X{ 0. 0;0/0 
: DXDXEXEXDX DX 1 (34) Timer AO interrupt control register (7516)°*° XXIXK 0 0 0 | 0 
(8) UART 0 Transmit/Receive a register (3016)°"" | 00.6 (35) Timer A1 interrupt control register (7616)°*° 0;0/0/0 
(9) UART 4 Transmit/Receive miode register (3816)°"° 0016 (86) Timer A2 interrupt control register: (77i6)°"° Powe NS 0/0/0 
(10) UART 0 Transmit/Receive control registerO  (3446)--- XIXXX) 1 [0/0 Timer A3 interrupt control register. = (7846) 9/0 aa 
(11) UART 1 Transmit/Receive control register0 (3C6)** NKDEXDX + fo] of o| (38). Timer A4 interrupt control register = (7946) -*" XXX 0 0;9;0 








0016 


ral 
kee 


(1) Port P4 data directional register (OCi6)*** 





(3) Port P6 data directional register (1046)::: 


t 





(4) Port P7 data directional register (1116)°°: 














Katy 
» 





wy 


(7) A-D sweep pin selection register (1F16)-- 


ie. 














ii 

















Icy 
= 



















































































-] (12) UART 0 Transmit/Receive control register1 (3546)--- | 0} 0 0/0 0/0} 1 (89) Timer BO interrupt control register - (7Are)" ololo 0 
0 UART 1 Transmit/Receive control register1 (3D16)--- | 0} 0) 0 o/o/0/1/0| (40) Timer B1 interrupt control register . (7Bie)** KX 0/0] 0] 0] 
(14) Count start flag (40,6)°° | 0016 | (41) Timer B2 interrupt contro! register (7Cig):* 01|0/0!0 
(15) One-shot start flag (421¢)°" XD! 0} of 0] o 0| (42) INT 9 interrupt control register (7Di6)*"° 0/0 0} 0| 0 | 9 | 
(16) Up-down flag (4446).°° iz 00:6 | (43) INT, interrupt contro! register | (7Ei6)**° 1X] | 0|0 0;0/0 
(17). Timer AO mode register (5646) °° 0016 | (44) INT > interrupt control register — (7Fig)* a ololo [| 0} 0 

] (18) ‘Timer A1 mode register (5716)°*° 00:6 | (45) Processor status register PS 0} 0 0/?)?}0/0}/0/1/?)? 














(19) Timer A2 mode register (5816)°°° 0016 


_ 
R27 


Program bank register PG . 0016 











(20) Timer A3 mode register (5946)°*° 00:6 ~ (1) Program counter PCy Content of FFFFi.¢ 











t 


1) Timer A4 mode register | (5Ai6)**° 0046 | (8) Program counter PC, Content of FFFEi¢ 


@2) Timer BO mode register (SBig)-* 'o0|1]X/o|o| 
a) Timer Bi mode register (5Ci6)** fo] 0] 1]X 
(24) Timer B2 mode register (5Di¢)°* hojo}1|X}olo 


(5) Processor mode register (5Ei6)°"° 0}0/0/0 


Direct page register DPR | 0000,. 


i 


Data bank register DT - 0016 





a 
2S 











(en) 
— 
(an) 


(6) Watchdog timer | (6016)°"° FFFig 


(7) Watchdog timer frequency selection flag (6146)°"° XK DK XX! &. 


Contents of other registers and RAM are not initialized and should be in- 
itialized by software. 





Fig. 53 Microcomputer internal status during reset 
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INPUT/OUTPUT PINS 

Ports P8 to P4 all have a data direction register and each 
bit can be programmed for input or output. A pin becomes 
an output pin when the corresponding data direction regis- 
ter is set and an input pin when it is cleared. 

When pin programmed for output, the data is written to the 
port latch and it is output to the output pin. When a pin is 
programmed for output, the contents of the port latch is 
read instead of the value of the pin. Therefore, a previously 
output value can be read correctly even when the output 
“L” voltage is raised due to reasons such as directly driving 
an LED. 

A pin programmed for input is floating and the value input 
to the pin can be read. When a pin is programmed for in- 
put, the data is written only in the port latch and the pin 
stays floating. és 

If an input/output pin is not used as an output port, clear 
the bit of the corresponding data direction register so that 
the pin become input mode. | 
Figure 55 shows a block diagram of ports P8 to P4 and the 
E pin output. 

In evaluation chip mode, port P4 is also used as control sig- 
nal pins. | | —— 

Refer to the section on processor modes for more details. 
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-* Ports P4g~P4, (Inside dotted-line not included) 
| Ports P4,, PS, P6,~P6;, PB», PB (Inside dotted- ‘line jagladad’ but PB, P85 are without ut hysterisis) 









Data. arccion 
Tegisle 


- Port latch ae 


Data bus. : 






* Ports P7g~P7 (Inside dotted-line not included) —_ 
* Port P7, (inside dotted- line included) | 


eae Data direction ; 
register 
S Port latch =: 







. Data bus 







* Ports P83, P87 (Inside dotted- line not included) | 


Ports P5y~P5.6, P69 (Inside dotted-line. Included) _ 
‘Data direction | 


* Ports P89, P8,;, P8,, P85 


Data direction 
register ' 


a Port. latch : 


Data bus 





Fig. 55 Block diagram for ports P8 to P4 and the E pin output 
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-PROCESSOR MODE 


The bit 0 of processor mode register as shown in Figure 56 


is used to select either, microprocessor mode, or evaluation 
chip mode. 

Figure 57 shows the functions of Ay to A7 pins, Ag/Dg to Ao3/ 
Dy pins, and port P4 in each mode. 

The external memory area changes when the mode 
changes. 

Figure 58 shows the memory map for each mode. 

The accessing of the external memory is affected by the 
BYTE pin and the bit 2 (wait bit) of piocesso! mode regis- 
ter . These will be described next. 


HO. Be. Me, 2 Be° 2 EO. 
PA Oe 


eBYTE pin 
When accessing the external memory, the level of the 
BYTE pin is used to determine whether to use the data bus 


_as 8-bit width or 16-bit width. 


Processor mode register 


Processor mode bit 


0 


The data bus width is 8 bits when the level of the BYTE pin 
is “H” and A,g/Do to Ag3/D7 become the data I/O pin. 

The data bus width is 16 bits when the level of the BYTE 
pin is “L” and Ajg/Do to Ag3/D7 pins and As/De to Ars/Dis 
pins become the data I/O pins. 

When accessing the internal memory, the data bus width is — 
always 16 bits regardless of the BYTE pin level. 


Address 
) =e 


- Microprocessor mode 


1: Evaluation chip mode 


This bit must be “1” (It is set to “1” after a reset) 


Wait bit 
. 0 : Wait 
1: No Wait - 


: Software reset bit 


Reset occurs when this bit is set to 1 


Interrup priority resolusion time selection bit — 
00 : Select 1/f( Xin) X14 


01 


: Select 1/f(Xiy) X 8 


10 : Select 1/f(Xiy) X 4 


Test mode bit 


This bit must be “0” 


Fig. 56 Processor mode register bit configulation 


, 
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Microprocessor Mode nas Evaluation Chip Mode 


7 Same as left . 
' Address A7~Ao- cn ea A a re 


BYTE=“L” . Ag/Dg - Data — ee nse Same as left 


a | ~~ :~ | | | . Ais~Ag 
| BYTE=“H” Ag/Dg — . pee | 


 S Address Ais~ Ag . 
_Ats/Dis ie a | Ports P4, P5 and their direction regis- 
ters are treated as 16-bit wide bus. 





J Aos ~ Ate | | . : ; : 
” & Y E="L” ; ; . ; 
: | ~ A2s~Aie6> q 7 Aie/Do ae Data : | 
E=<H" 3 Data . arr ‘Da 


Same as As/Dg to Ais/Dis 





Port P4 


P4, . sees 3 
S 1/O Port 
P4, | 





Fig. 57 Processor mode and Ao to Az pins, Ag/Dg to Az3/D7 pins and port P4 functions 
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eWait bit 

As shown in Figure 59, when the external memory area is 
accessed with the processor mode register bit 2 (wait bit) 
cleared to “0”, the “L” width of E signal becomes twice 
compared with no wait (the wait bit is “1”). The wait bit is 
cleared during reset. 

The accessing of internal memory area is performed in no 
wait mode regardless of the wait bit. 

The processor modes are described below. 


Microprocessor = Evaluation chip 
mode mode 


YY, * 


Axe 


Cr6 








i 
is 


The shaded area is the external memory area. 


_ FFFFFFi¢ 





rg: 58 External memory area for each processor. 
mode 


Internal clock¢ 


Ai/Dj KX XoaeX__Xoata) 
Wait bit - = ; eceies Address 


‘Address : 
( X data KX KX Data) 


Address 





Fig. 59 Relationship between wait bit and access time © 


(1) Microprocessor mode (10) 

Microprocessor mode is entered by connecting the CNVss 
pin to Vcc and starting from reset. 

Az/Deg to Ays/Disg pins have two functions depending on the 
level of the BYTE pin. 

When the BYTE pin level is “L", Ag/Dg to A;,/Di5 pins fine: 
tion as an address output pin while E is “H” and as an odd 
address data I/O pin while E is “L”. However, if an internal 
memory is read, external data is ignored while E is cs as 
When the BYTE pin level “H” As/Dg to Ays/Dis pins func- 
tion as an address output pin. 

Aig/Do to Ao3/D7 pins have two functions depending on the | 
level of the BYTE pin. | 

When the BYTE pin level is “L”, Ajg/Do~ Ag3/D7 pins func- 
tion as an address output pin while E is “H” and as an even 


address data I/O pin while E is “L”. However, if an internal 


memory is read, external data is ignored while E is “L”. 
When the BYTE pin level is “H”, Ayg/Do~Ag3/D7 pins func- 
tions as an address output pin while E is “H” and as an 
even and odd address data I/O pin while E is “L”. Howev- 
er, if an internal memory is read, external data is ignored 
while E is “L”.. : 
R/W is a read/write signal which indicates a read when it 
is “H” and a write when it is “L”. 

BHE is a byte high enable signal which indicates that an 
odd address is accessed when it is “L”. 


' Therefore, two bytes at even and odd addresses are 


accessed simultaneously if address Ap is “L” and BHE is 
| Meda 
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ALE is an address latch enable signal used to latch the 
address ‘signal from a multiplexed ‘Signal of address and 
data. The latch is transparent while ALE is “HY to let the 
address signal pass through and held while ALE is “L”. 

_HLDA is a hold. acknowledge signal and is used to notify 








externally: when the microcomputer receives HOLD put 


and enters into hold state. 

HOLD is.a hold request signal. It is an. input signal used to 
put the microcomputer in hold state. HOLD input is 
accepted when the internal clock ¢-falls from “H” level to 
“L” level while: the bus is not used. Ag to A7 pins, Ag/Dg to 
Ao3/D7 pins, R/W pin and BHE pin are floating while the 
microcomputer stays in hold state. These ports are floating 
after one cycle of the internal clock ¢ later than HLDA sig- 
nal changes to “L” level. At the removing of hold state, 
these ports are removed from floating state after one cycle 
of ¢ later than HLDA signal changes to “H” level. 














_, RDY is a ready signal. If this signal goes “L”, the internal 
_ clock ¢ stops at “L”. ¢, output from clock ¢, output pin © 
doesn’t stop. RDY is used when slow external memory is. 


~ attached. 


(2) Evaluation hip mode [11] 


Evaluation chip mode is entered by applying voltage twice 


the Vec voltage to the CNVsg pin. This mode is aeons 


used for evaluation tools. 

As/Dg to Ais/D45 functions as an address Seno pin while E 
is “H” and-as data I/O pin of odd addresses while E is “L” 
| regardless of the BYTE pin level. However, if an internal 
memory is read, external data is ignored while E is “L”. 


Ae/Do to Agg/D7 function as an address output pin while E- 


is “H” and as data I/O pin of even addresses while E is “L” 
when the BYTE pin level is “L”. However, if an internal 
memory is read, external data is ignored while E is “L”. 

When the BYTE pin level is “H”, A16/Do to Ao3/Dz functions 
as an address output pin while E is “H” and as data I/O pin 
of even and odd addresses while Ei is “L”. However, if an 


internal. memory is read, external data is ignored while Eis” 


sis ies 
Port P4 and its data direction register whieh are located at 
address 0Aj¢ and 0C,¢ are treated differently in evaluation 


chip mode. When these addresses are accessed, the data | 


bus width is treated as 16 bits regardless of the BYTE pin 


level, and the access cycle is treated as internal memory 


regardless of the wait bit. 

Ports . P43 to P4, become MX, QCL, VDA, and VPA output 
pins respectively. Port P4, becomes the DBC input pin. 

‘The MX signal normally contains the contents of flag m, but 


the contents of flag x is output if the CPU is using flag x. 


QCL is the queue buffer clear signal. It becomes “H” when 
the instruction queue buffer is cleared, for example, when a 
jump instruction is executed. . | 7 


_VDA is the valid data address signal. It becomes “He while’ 


the CPU is reading data from data buffer or writing data to 


data buffer. It also becomes “H” when the first byte of the 


| | 2*Vec | * Evaluation chip * Evaluation chip mode only. 


instruction (operation code) © is read from the instruction ; 
queue buffer. , 


VPA jis the valid program address Sonal It becomes ‘A! | 


while the CPU is: reading an instruction code from’ the in- 
struction queue buffer. : 

DBC is the debug control signal ond is used for sebuscine: 
Table 5 shows the relationship between the canes | pin in- 
put levels and ‘processor modes. > : 





Table 5. Relationship bawwesn the CNVss pin input 
levels and processor modes : 


[GNVes_ [Mode | Description 
* Microprocessor Microprocessor mode upon 
,°@ Evaluation chip Starting after reset. Evaluation 
chip mode can be selected 
by changing the processor 
mode bit by software. 
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CLOCK GENERATING CIRCUIT 

Figure 60 shows a block diagram of the clock generator. 
When .-an STP instruction is executed, the internal clock ¢ 
stops oscillating at “L” level. At the same time, FFFi¢ is 
written to watchdog timer and the watchdog timer input 
connection is forced to f32. This connection is broken. and 
connected to. the input determined by the watchdog timer 
frequency selection flag when the most significant bit of the 
watchdog timer is cleared or reset. | 

Oscillation resumes when an interrupt is received, but the 
internal clock ¢remains at “L” level until the most signifi- 
cant bit of the watchdog timer is cleared. This is to avoid 
the unstable interval ‘at the start of oscillation when using a 
ceramic resonator. 


When a WIT-instruction is executed, the internal clock ¢- 


stops at “L” level, but the oscillator does not stop. The 
clock is restarted when an interrupt is received. Instructions 
can be executed immediately because the oscillator is not 
stopped. | 


M37732S4FP 


Fig. 61 Circuit using a ceramic resonator 


Interrupt request 


STP instruction 


WIT instruction 





The stop or wait state is. released. when an interrupt is re- 
ceived or when reset is issued. Therefore, interrupts must 
be enabled before executing a.STP or WIT instruction. | 
Figure 61 shows a circuit example using. a ceramic (or 
quartz crystal) resonator. Use the manufacturer's recom- 
mended values for constants such as capacitance which 
differ for each resonator. Figure 62. shows. an example of 
using an external clock signal. ses 


ADDRESSING MODES 7 

The M37732S4FP has 28 powerful addressing modes. 
Refer to the MELPS.7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37732S4FP has 103 machine instructions. Refer to 
the MELPS 7700 machine instruction list for details. . 


M37732S4FP 


-. External clock source 





0 Watchdog 
timer 


Internal clock ¢ | — eee t. 


Fig. 60 Block diagram of a clock generator: 
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‘ABSOLUTE MAXIMUM RATINGS 


| a a 
| a 
input voltage ho~Ar, Ag/Dg~Ag3/D7, - 
P43~P4,, P5o~P57, P6g~P67, P7p>~P77, 
P8)~P8;, Vacr, Xin, HOLD, RDY 
Output voltage Ao~Ay, Ag/Dg~™Az3/Dz, 
. P4,~P4,, P5o~P57, P6o~P67, P7)~P7;, 
P8)~P87, Xout, E, $1, HLDA, ALE, BHE, R/W | 


Power dissipation . | Ta=25C - 
Operating. temperature 2 hearer rere 


‘Storage temperature 


| 
Symbol Parameter 


Supply voltage 


Analog supply voltage . ie & 
| eee 
Analog supply voltage | 
High- -level input voltage P43;~P47, P5p~P57, P6y~P6r, 


P79~P77, P8~P87, Xn, RESET, 
_CNVss, BYTE, HOLD, RDY 


Low-level input voltage’ P4,~P4,, P59~P5z, P6o~P67, _ 
P7)~P77, P8o~P87, Xin, RESET, 
~ CNVss, BYTE, HOLD, RDY 
Lowel input vtage AyDy~An/O | | tes 


High- “level peak output current Ao~Ay, As/Dg~Az3/Dz, 
P43~P47, P5g~P57, P6p~P6, 
P7)>~P77,P8o~ P87, $1, 
| _HLDA, ALE, BHE, R/W 
7 High- -level average ka current Agp~A7, As/Dg~Az3/D7, 
lon(avg) oe P43~P47, P5o~P57, P6o~P67, 
P7, 0~P77,P89~P8;, -14, 
HLDA, ALE, BHE, R/W 
Low-level peak output current Ag~Az, Ag/Dg~ Ao3/D7, 
P43~P47, P5g~P57, P6y~P6r, 
P79~P77,P8o~ P87, ¢;, 
HLDA, ALE, BHE, R/W — 
Low-level average output current Ag~Az, Ag/Dg~Ag3/Dy, - 
lovcavg) P43~P47,'P5o~P57, Poo~P6r, 
; © P7)~P77,P8)~P87, 44, 
HLDA, ALE, BHE, ae 
M37732S4FP 


External clock frequency input M37732S4AFP 
M37732S4BFP 


Notel. Average output current is the average value of a 100ms interval.. 
2. The sum of lot (peak) for ports Ap~ Az, Ag/Dg~ Az3/D7, HLDA, ALE, BHE, R/W, and P8 must be: — 
80mA or'less, the sum of lon(peak) for ports Ag~A7, Ag/Dg~Ao3/Dz, HLDA, ALE, BHE, R/W, and P8& 
_must be 80mA or less, the sum of lo.(peak) for ports P4, P5, P6, P7, ¢, must be 80mA or less, and 
’ the sum of lon(peak) for pons P4, P5, P6, P7, o must be 80mA or less. : 
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M37732S4FP | 
ELECTRICAL CHARACTERISTICS (Voc=5V, Vss=0V, Tg=25C, f( Xin) =8MHz, unless otherwise noted) 


High-level output voltage Ag~A7, Ag/Dg~Ao3/D7, 
P43~P4,, P59~P5r, P6o~ P67, 
or P7)~P77, P8y>~P8, 
| ¢1, HLDA, BHE, R/W 


High-level output voltage Ag~A7, Ag/Dg~Ao3/D7, 
cee lon=— 400A : 
. $y, HLDA, BHE, R/W ss i‘ | aed 
lonx=—10mA : 
High-level output voltage ALE 
lonp=—400KA 


V lox=—10mA 
Vv 
V 
V 
Vv 














P43~P47, P5p~P57, P6y)~P6r, 

P79~P77, P89~ P87, 

%1, HLDA, BHE, R/W 
Low-level output voltage Ap~A7, As/Dg~Ao3/D7, 


Vo L loL= 10mA 














lop =2mA 





¢1, HLDA, BHE, R/W 


: | 
loL=10MA 
L Low-level output voltage ALE 
loL=2mA 
= loc =10mA 
L Low-level output voltage E 


Hysteresis RESET 
Hysteresis Xin 








H 
= lon=—10mA 
H High-level output voltage E 
lon=— 400A 


V 
Low-level output voltage Ap~A7, As/Dg~Az3/D, 
V 








oO 
Oo 
Oo 
oO 
oO 


High-level input current Ag/Dg~Az3/D7, 

P43~P4,, P5o~P5r, P69~ P67, 

P79~P77, P8o~P8;, Xin, RESET, 

CNVss, BYTE, HOLD, RDY 
Low-level input current Ag/Dg~Az23/D7, 

P4,;~P47, P5p~P57, P6o~ P6z, 

P7o~P77, P89~P87, Xin, RESET, 

CNVgs, BYTE, HOLD, RDY 
RAM hold voltage . When clock is stopped. 

; f( Xin) =8MHz, 

square waveform 
Ta=25°C when clock 
is stopped. 
Ta=85C when clock 
is stopped. | 














Output only pin is 
Power supply current open and other pins 
are Vss during reset. 























Parameter Test conditions 


oe eee ee 

| — | Absolute accuracy ! Vrer=Voc ; 
: Ladder resistance —_ 7 VreF=Voc 

Conversion time 


VRer Reference voltage 











Via Analog input voltage 
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| M37732S4AFP 


. Parameter 


High-level output voltage Ag~A7, As/Dg~Ang/Dr, 
| : P43~P47, P5p~P57, P6o~ P67, 
P79~P77, P89~P87, - 
| - $y, HLDA, BHE, R/W 
High-level output voltage Ag~A7, Ag/Dg~Az3/D7, 
: - $, HLDA, BHE, R/W 


High-level output voltage ALE 


High-level output voltage E 


Low-level output voltage Ap~Az, As/De~Aza/D7, 
. P43~P47, P5p~P57, P6y~P67, 
P7)~P77, P8y~ P87, 
¢,, HLDA, BHE, R/W 
Low-level output voltage Ag~A7, Ag/Dg~Az3/D7, 
$4, HLDA, BHE, R/W 





Low-level output voltage ALE 


Low-level output voltage E- 





Hysteresis HOLD, RDY, TAQ TA4w, TBO w~TB2in,. 
INTo~INT2, ADrtre; CTSo, CTS}, CLKo, CLK; 


ae. Test conditions 


| log=—4002A 


lon=—10mA 


; lon=— 400A 
‘lon=—10mA 
Non=—400uA - 


loc =10mA 








os ELECTRICAL CHARACTERISTICS | (Voo=5V, Vss=0V, Ta=25C, fq) 16M unless otherwise noted) 























lol =2mA 


lop=1 OmA 











lop =2mA 
lo-=2mA 























| 


 High- -level input current: Ag/Da~Ana/Dy, 
P43~P47, P5gp~P57, P69~P6r, 
P7>~P77, P89>~P87,Xin, RESET, 
ho CNVss, BYTE, HOLD; RDY 
Low-level input current Ag/Dg~Az3/Dz, 
P43~P47, P5p~P57, P6o~P6r, 
P7o~P77, P8~P8;, ? Xin, RESET, 
CNVsg, BYTE, HOLD, RDY 


RAM hold voltage - tf 


When clock is stopped. 








(Xi) =16MHz, 
square waveform - 








Power supply current 


Barahetel 





symb 
Resolution 


Output only pin is 
open and other pins 
| are Vgg during reset. 


is stopped. 


Ta=25°C when clock | ; 








Ta=85C when clock 
is stopped. .. 


Test conditions 








ea Absolute accuracy: 
Ladder resistance 


Conversion time 7 


Reference voltage | 


» | Vaer= Voc 





Vrer= Voc 


Vraer=Vcc 





+ 
































ree Analog input voltage | | 
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MITSUBISHI MICROCOMPUTERS 


-M37732S4FP,M37732S4AFP 
M37732S4BFP 


16-BIT CMOS MICROCOMPUTER 





M37732S4BFP a 
ELECTRICAL CHARACTERISTICS (Vec=5V, Vss=0V, Ta=25°C, f(Xin)=25MHz, unless otherwise noted) 


High-level output voltage Ap~A7, Ag/Dg~Az3/D7, 
P49~ P4,, P5o~ P57, P69~ P67, 
lon=—10mA 
Vou P7o~ P77, P8o~ P87, mn 


¢,, HLDA, BHE, R/W 


High-level output voltage Ag~Av, Ag/Dg~ Az9/D7, low=—400A 
?,, HLDA, BHE, R/W 

: lon=—10mA 

. — lon=—10mA 


Low-level output voltage Ap~A7, Ag/Dg~Ao3/D7, 
P4,~ P4,, P50~ P57, P69~ P6,, 
P7o~P77, P89~ P87, 
‘¢,, HLDA, BHE, R/W 


y, Low-level output voltage Ag~A7, Ag/Dg~Az3/D7, ‘ geopeR 
ee ¢, HLDA, BHE, R/W baie 

loL-=10mA 

Voi Low-level output voltage ALE te ee aes: 
‘ lop =2mA : 
mat = lop=10mA : 
VoL Low-level output voitage E 
loL=2mA 


Hysteresis RESET 
Hysteresis Xin | 


High-level input current Ag/Dg~Aoz3/Dz7, 
P43~P47, P5p~P57, P6o~P6z, 
P7o9~P77, P89~P87, Xin, RESET, 
CNVgs, BYTE, HOLD, RDY 
Low-level input current Ag/Dg~Ao3/D7, 
P43~P47, P5p~P57, P6o~P6r, 
P70~P77, P89~ P87, Xin, RESET, 
CNVss, BYTE, HOLD, RDY oe 


RAM hold voltage When clock is stopped. 
(Xin) =25MHz, 
ae square waveform 
Output only pin is oar 
: a=25C when clock 
Power supply current open and other pins 
. is stopped. 
are Vss during reset. 
Ta=85°C when clock 
is stopped. 








in 
a 6 
Peony [Coweriontine 










Reference voltage 
Analog input voltage 
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MITSUBISHI MICROCOMPUTERS 
—...M37732S4FP,M37732S4AFP 
—— "|G.  M37732S4BFP 


.  16-BIT CMOS MICROCOMPUTER 





TIMING REQUIREMENTS (Voo=5V410%, Vss=0V, Ta=25, unless aherwise noted) 
External clock input | _ , *® % 7 | 






Parameter 


External clock input cycle time 
External clock input high-level pulse width 
Pitwec, 10 ak External clock input low-level pulse width 


ft | External clock rise time 


External clock fall time 


Microprocessor mode | 


Symbol _ Parameter 


Data high-order input setup time 


tsu(pL—e) Data low-order input setup time 

















tsu(pap—e) | Port P4 input setup time 








tsu(psD—e) Port P5 input setup time 











Port P6 input setup time | 





tsu(p7p—e) | Port P7 input setup time a 
200 
RDY input setup time i | : . 
HOLD input setup time x 
Data high-order input hold time 
Data low-order input hold time 
| thce-rap) _| Port P4 input hold time. 


th(te—psp) ~— | Port PS input hold time 















































thi e—pep) Port P6 input hold time 





thie=erps Port P7 input hold time 





th(e—psp) | Port P8 input hold time. 








thc ¢,—RbyY) RDY input hold time 


























th(¢,—HoLb) | HOLD input hold time 





MITSUBISHI MICROCOMPUTERS 


-M37732S4FP,M37732S4AFP 
M37732S4BFP 


16-BIT CMOS MICROCOMPUTER 





Timer A input (Count input in event counter mode) 


- Symbol gn Parameter 





TAiiy input cycle time . 
TAiwy input high-level pulse width 7 








Timer A input (Gating input in timer mode) 


Symbol Parameter 





TAiy input cycle time 
TAiin input high-leve! pulse width 
TAi input low-level pulse width 











Timer A input (External trigger input in one-shot pulse mode) 


Limits 








Parameter 











to(Ta) TAiin input cycle time 








TAiy input high-level pulse width 








- tWw(TAL) TAiin input low-level pulse width 


Timer A input (External trigger input in pulse width modulation mode) 


Limits _ 
Parameter 








TAiin input high-level pulse width 














tw(TAL) TAi input low-level pulse width 


Timer A input (Up-down input in event counter mode) 


. _ Limits 
Symbol Parameter 

TAiout input cycle time .* 

TAiour input high-level pulse width 
Awe. TAiour input low-level pulse-width 


TAiout input setup time 


th(ty-UP) TAiout input hold time . , | 1000 
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je ee Rs a es ee oe =. _- MITSUBISHI MICROCOMPUTERS 
rene tie en M37732S4BFP 


16-BIT CMOS MICROCOMPUTER | 





| Timer B input (Count input in event counter mode) | 









Symbol a ee Parameter 


TBi input cycle time (one edge count) | 
-TBiww input high-level pulse width (one edge count) | 

TBiy input low-level pulse width (one edge count) 

. TBi input cycle time (both edges count) 

TBi input high-level pulse width (both edges count) 
TBijy input low-level pulse width (both edges count) 





Timer 6B input (Pulse period measurement mode) 


Symbol Parameter 


TBijy input cycle time | 
| twits) __| TBin input high-level pulse width 
TBiy input low-level pulse width 


| 


Timer B Input (Pulse width measurement mode) 


















Symbol 


| TBiwn input cycle time car 
TBiy input high-level pulse width 3 | | 


Parameter 






TBiw input low-level pulse width 


A-D trigger input 





Symbol Parameter 


| ADrrg input cycle time (minimum allowable trigger) ~ _ 2000 
ADrtrea input low-level pulse width ; 





Serial 1/O 


"Symbol oe. ws _ Parameter 
250 | 
| tc—a) _| TxDjoutputdelaytime 180 

RxD; input setup time | re aon 


External interrupt INTj input 














Symbol ae Parameter / 


INT; input high-level pulse width 


| INT; input low-level pulse width 





 tWwanL) 





_ MITSUBISHI MICROCOMPUTERS 


0877324 P,M37732S4AFP 
fee 4 * _ M37732S4BFP 


ae ie 7 | 16-BIT CMOS MICROCOMPUTER 





SWITCHING CHARACTERISTICS (Voc=5V410%, Vsg=OV, Tg=25, unless otherwise noted) 
Microprocessor mode (when wait bit =*1") ae 


. Address low-order output delay time 
Data high-order output delay time (BYTE=“L”) 


Address middle-order output delay time 





















Test conditions 


io) 
— 


—_ 
© 


S 
io) 


—_ ~—_ 
Ww — 
© Ol; © o1 
W 
oO 
ee ee ee ee ee ee — ye) —_— —_ 
(oc mo cme cmmee) 0 | 0c; oO (o>) Om; Nh Om; ph NO 


> 
or 


Ww 
(an) 






Le) 
Ba 


~ 
> 
o1 


Floating start delay time 
Address high-order output delay time 
Address high-order output delay time 


NO | W 
. a?) 





o)) 
oO 
or 
oO 


HLDA output delay time 
ALE output delay time 


Ww 
on 
Nh 
NO 


. — | mIihN ye NORM N Ww 
. CO1ol}ol} on ao} oi oOo 


© 
Or 


ALE pulse width 


Address middle-order output delay time 
td(e—pDLa) Data low-order output delay time 
- td(BHE—e) BHE output delay time 


Ww 
>) 
N 
o>) 


Data high-order hold time (BYTE=“L”) 

 tezxieonz) | Floating release delay tine (BYTE="L") | 
Address middle-order hold time (BYTE=“H”) 
Address high-order hold time 
Floating release delay time 
Port P4 data output delay time | | 
| tdie—rea) | 


No 
o>) 





(ee) 


N 
O71 




























Data low-order hold time 








ni) a Aig ;,n oy) Q1O lo) 
oO;oO O1rol1o Oo O;1oO fon) 


— 
oe 


















100 
100 
100 © 
| 100 


NO 
-) 
Oo 















© 
co) 


Port P5 data output delay time 


pe) 
(o) 
Oo 


Port P6 data output delay time 











Port P7 data output delay time 










Port P8 data output delay time 





o a , nA 
(-) C Oo ol 


NO 

N _ 
MPM ?_ dO 
O!1o;O 
O};O;oO 


on 
Oo 





E pulse width 








| | *% 4 .a MITSUBISHI MICROCOMPUTERS - 
Cee a eS MS77 32S4FP,M37732S4AFP_ 
SRESE LSS a s/s M37732S4BFP 


16-BIT CMOS MICROCOMPUTER 





Microprocessor mode (when wait bit = “0”, and external memory area is accessed): 


- - - 8 MHz 16MHz =| ~—25MHz 





















ro) tk on és 
Oo oo oO ola 


- Parameter. Test conditions: 












‘td(AL—e) . Address low-order output delay time 


Data high-order output delay time (BYTE=“L”) 
["toxzce-pnz) | Floating sat delay time (BYTE=L") 
[tecammey | Address middle-order ouput delay ime 
Floating start delay time " ; 
Address high-order output delay time 

7Ore Id ti _— 





SN 
jo) 


oaRonno) | N a ~~) 
Q!10/0 ro) oO =) ol 


AS 
oi 





a 


.100.] .— 


oO 





=] 


— 
—s 
_ {alto 
3° 3 5 5. 5 5 =) 
7) o a 77) 77) 7) a a - 











ol 





oO 














io) 






































Address middle-order hold time (BYTE=“H”) |. 
Address high-order hold time 
| th(e—pLa) Data low-order hold time 


 taenrea) | Port PS data output delay ime = 


TNEN TERN — 
Q)}O!O W fo) 
O};O;o co) on 


NR 
o) 
(on) 


Floating release delay time (BYTE=“L”) | 


© 





Ts : : — —" 
SN -—j) >) oo ojyoyo Ol (a) © 
{oO ~o:1oO,O!|oO O1;1oO!;|oO oO|o Oo 


/B 
Oo 
© 


| 


Ao~Az 
As/Dg~Ao3/D7 
PA 

‘P5 

PE 

P7 

P8 





Fig. 63 Testing circuit for each terminal 
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MITSUBISHI MICROCOMPUTERS 


'M37732S4FP, M37732S4AF P 
M37732S4BFP 


16-BIT CMOS MICROCOMPUTER 


TIMING DIAGRAM | tr tf tc = 
W(H) twiv) 
E. 


. iieweuas 


Port P4 output ( 
tsu(pao—e) 
Port P4 input , i th(e—pap) 
aatg tdie—psa) 
Port P5 output | X 
tsu(ps0—€) 
Port P5 input 7 ie thie-Psp) 
mag td(e—psa) 
Port P6 output eB. 
tsu(pep—e) peal 


Port P6 input | thie—Pep) 


td(e—P7aQ) 


i 


Port P7 output 





we Slee 


tsu(p70-€) peat 


‘Port P7 input 





thie—pP70) 
aay tdie—psa) 
Port P8 output | Xx 
| tsu(pso—e) peat 
Port P8 input i th(e—pep) 





‘MITSUBISHI ‘MICROCOMPUTERS 


/M37732S4FP, M37732S4AFP 
M37732S4BFP_ 


16-BIT cmos MICROCOMPUTER 











twc TAH) 


TAiyn input 


tw(uPH) 





TAiout input 


TAiour input . : 
(Up-down input) | A 


In Event counter mode 


- TAiy input | , | 
(When count by falling) | = theny—uel| tsutue—taw | 
TAlin input 


(When count by rising) 


TBin input 





te(aD) 






twiadL) 





~ ADsre input | 


















te(ck) 
twickH) 
CLK; 
| . ; |) thte-a@ | 
: ' 8 | tsu(p—c) _ _thic—b) |. ; 
RxD; 
twat) 
INT; input . 






twaNnu) 





2—294 





MITSUBISHI MICROCOMPUTERS 


M37732S4FP,M37732S4AFP 
M37732S4BFP 


16-BIT CMOS MICROCOMPUTER 





Microprocessor mode 
(When wait bit = “1”) 


oy 


mil 
~ 


RDY input 


~ (When wait bit = “0”) 


oy 


mi 
~ 


RDY input 


(When wait bit = “1” or “0” in common) 


$y 







tsu(HoLD—4,) th(4;—HoOLD) 


HOLD input 


td (4,;—HiDA) 






td(¢;—HLDA) 


-HLDA output 


Test conditions 
»Voc= 5 V+10% 
> Input timing vollaae: > Vip=1. OV, Vin=4. OV 
* Output timing voltage > Vo_=0. 8V, Voy=2. ov 








MITSUBISHI MICROCOMPUTERS 


_M37732S4FP, M37732S4AFP 
_ M37732S4BFP 


16-BIT CMOS MICROCOMPUTER 





Microprocessor mode (When wait bit = “1”) 


7 f(Xin) 


$y 


mi 





a 


. tpzx(E—DHz) 


th(ALe—am) 


het ee aD. 







-_ Sees | Po 
Ag/Dg~Ai5/Di5 | { Address |] Data | ( Address 
output . — == 
(BYTE=“L”) ~ ~~ td(am—ALe) 
th(e~on) 


(BYTE=“H”) [A 
wvor-saro, + _vatwe fT {ome <0 — |-K sae 


output = . tsu(pL—e) 
a | ‘oS td(an— —~ALE) ca 


- thiae— AH) tezx(e—DLz) 







td(E—pLa) 







thie 
| -————| h(e—b) 
Do~ D7 input : | 






| . 4 | se | Ai 

| ei Me 4 td(aLe-eE) 
ALE output | Ys - % | ' | - 38 
BHE output | - arenas § GaEzmeey 
7 | | ttre) 


' Test conditions 


‘ Vec= 5 V+t10% 





‘© Output timing voltage : Vo, =0. 8v, Vou=2. OV - 


© Do~Di5 input : Vi =0. 8V, Vin=2. 5V 7 





pe) ae a ae er a oe MELECTRIC 
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M37732S4FP, M37732S4AFP 
M37732S4BFP 


16-BIT CMOS MICROCOMPUTER 





Microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


tc 


(Xin) 





d; 
tdce—4,) 


| Address ) Address iz 


aad DHZ) tezx(E—DHZ) 


— td(e—4,) 


mi 
J 


th(aLe—am) 5 


Ag/Dg~A15/D15 


output | aa B( -—_—— ewe = Address 


td(e—DHa) , td(am—e) 


th(e—am) 
Ag~ Ais output fh ate aa] 
he ee 
et P 
eee 


tsu(oH— E) 
Dg~Dy,5 input 


th( ALE—AH) texz(e—pLz)  tpzx(E—DLZ) 


ae Kacsess|| Kata |X Address | ph ——————+—{ Address 
td(AH—ALE) me . | tdian—e) _ 





4 
a 










td(e—pLa) 







tsu(pL—e) pea aes th(e—pL) 


( td aLe—e) 
ate 2.” td(BHE-e) , th(e-BHE) : 
BHE output = KT —“—*i—sSsisCQ 
, > td(rw-e) , th(e—R/w) 


Test conditions: 


Do~ D7 input 






tw(ALe) 


aaa | 


ALE output 








* Output timing voltage > Vo_=0. 8V, Von=2. OV 
: Do~ Dis input ; Vi=0. 8V, Vin=2. 5V 








i eae ADDRESSING MODES | 


- SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





| ADDRESSING MODES 

The MELPS 7700 microcomputers support. 28 different 
addressing modes, offering extremely versatile and power- 
ful memory accessing capability. 

When executing an instruction, the address of the memory 
location from which the data ee for arithmetic opera- 


: Implied addressing mode | 


_ Mode 
Function :The single-instruction inherently address an 
internal register. | 7 
Machine code 


ex. : Mnemonic 
~ CLC |. 18,6 ~ 


eee eee 






Rane ace eee 


ex... -: Mnemonic 


_. Machine code 
TXA | BAis 
(m = 1, x = 0) 


The upper-byte . ¥ 
— is not transferred. 


, es SCI 5 





i: a a 


A 


tion is‘to be retrieved: or to which the result of arithmetic 
operation is to be stored must be specified address during 


_ program execution. Addressing refers to the method of 


specifying the memory address. 
Actual addressing modes are now described ‘by type. 


Instruction : BRK, CLC, CLI, CLM, CLV, 
DEX, DEY, INX, INY, NOP, 
RTI, RTL, RTS, SEC, SEI, 
SEM, STP, TAD, TAS, TAX, 
‘TAY, TBD, TBS, TBX, TBY, | 
TDA, TDB, TSA, TSB, TSX, 
r TXA, TXB, TXS, TXY, TYA, - 
TYB, TYX, WIT, XAB 


ex . Mnemonic Machine code 





(Note) When the data length differ between the transfer-from and trans- 
fer-to locations, data is transferred at the data length for the 
transfer-to location. If, however, the index register is specified as 
the transfer-to location and the x flag is set to 1, 0016 is sent as 


~ the upper byte value. 
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_ MELPS 7700 
ADDRESSING MODES 


a eS 7 ie | sd SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Mode — : Immediate addressing mode 


Function. :A portion of the instruction is the actual data. 


Such instruction code may cross over the bank 


~- . boundary. 
ex. : Mnemonic Machine code 
ADC A,+0A5H 69,, A5di¢ 
- (m=.1) | 
Memon. 


= 0000,, 


Program 
bank-PG 





8-bit width 
-A~A+CH 






Op Code (69,,) 
Operand (A5,,) | 


Program 
Bank Register 


FFFF,, 





Instruction ‘ADC, AND, CLP, CMP, . CPX, 
CPY, DIV, EOR, LDA, LDT, - 
“LDX, LDY, MPY, ORA, RLA, 


SBC, SEP 
ex. . ; Mnemonic 2 Machine code 
ADC A,+0A5B7H 69,5, B7ig A546 
(m = 0) 
Memory 


0000,, 


Program 
bank-PG 


Op Code (69,.) 


16-bit width © Operand (B74.) . Program 
A-A+C+ ASi6| B7i6 — 


Bank Register 


FFFF,, 


— Operand (A54,) 





eX. - Mnemonic Machine code ex. - Mnemonic Machine code 
LDX +0A5H A2,:, Adi¢ LDX +0A5B7H A216 Blige Adie 
(x =1) 3 (x = 0) 
ie, Sp Memory -_ Memory 
0000,, , 0000,, 
Program : 
: bank-PG ee Gig BAF: Program 
OTe bank-PG 
ale ws 16-bit width Op Code (A2,6) : 
peal Op Code (A246) Program eae ' Operand (B7;,_) Program 
X<— | AB: | <_ Operand (A5,.) Bank Regist X< | A516! B7ig [<— cae 
16 gister | = Operand (A5,.¢) Bank Register 








[PG] FFFF,,  - 








FFFF,, 





2—=299' 
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MELPS 7700 | 
_ ADDRESSING MODES | 


| SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER | 





Mode —— : Accumulator addressing mode 

Function : The contents of accumulator are the actual data. Instruction : ASL, DEC, INC, LSR, ROL, 
. " . j _ ROR | 

ex. Mnemonic | | - Machine code 


(m = 1) 





Carry flag _ Accumulator A 
ex. 4 > Mnemonic — . Machine code 
ROL A — Aig 
' (m= 0) 





Carry flag | _ Accumulator A 
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MELPS 7700 
ADDRESSING MODES 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





Mode : Direct addressing mode 
Function <The contents of the bank-0 memory location spe- Instruction : ADC, AND, ASL, CMP, CPX, 
| cified by the result of adding the second byte of CPY, DEC, DIV, EOR, INC, 
the instruction to the contents of the direct page _ LDA, LDM, LDX, LDY, LSR, 
register become the actual data. ff, however, MPY, ORA, ROL, ROR, SBC, 
addition of the instruction’s second byte to the | STA, STX, STY 


direct page register’s contents result in a value 
that exceeds the bank-0 range, the specified 
location will be in bank-1 


ex. - Mnemonic . Machine code ex. : Mnemonic Machine code 
ADC A,02H 65,6 021, ADC A,02H | 6516 0216 
(m= 1) | (m = 0) 
Memory Memory 







A+-A+C+ 


DATA, | DATA, |< 





Direct page 
register — 


+ | 1234.6 |= 1236; 


Operand (024.) 









Direct page - 







Op Code (65,6) 
ae ; — | 
+ [138% |= 1296.4 
eX. - Mnemonic | Machine code ex. - Mnemonic Machine code 
LDX 02H A616 0216 | LDX 02H A6,¢6 0216 
(x = 1) | Co (x= 0) - 2 
Memory | : . Memory 
0000,, 0000,, 


12364, 


a 


1236,, 


X<] DATA, ' DATAL “{ 









FFFF 4, oe 
Direct page . Direct page 


regi 
Op Code (A64_) . gister 
Operand (0246) + _ 12364, 


Operand (02,.) 


+ = 123616 
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-SINGLE- CHIP 16- BIT cmos MICROCOMPUTER 





Mode __: Direct bit addressing mode 


Function . : Specifies the -bank-0 memory. location by the. . Instruction : CLB, SEB 
value obtained by adding the instruction’s second... > ge 
byte to the direct page registers contents, and. 
specifies. the positions of multiple bits in the 
memory location by the bit pattern in the third... 
and. fourth bytes of the instruction (third byte only: ~ 
when the m flag is set to 1). If, however, addition. 
of the instruction’s second byte to the direct page: 
register’s contents result in a value that exceeds. — 
the bank-0 range, ‘the specified location will be in 


-bank-1 
ex. : Mnemonic . ~~ ~~. Machine code eX. iMnemonic = '~—:-. Machine code 
CLB # 5AH, 04H fe 144, 04,6 5Ais6 . ad CLB + 5AA5H, 04H 144, 04,6 Adie 5Ai6 
(m = 1) | (m= 0) | | 
| Memory -_ | 7 | Memory | 













Bank-0.. . Bank-0 


001238; 
rfefelele fe]? {2 F 


re 





a 





Se eeeeetiiicmeneentiiag aie) 





| RS. sen Direct page - a 
Op Code (1445) |. register Direct page 


Operand (04,6) | + [1234;¢ |= 123846 | | Op Code (146) | register _ ; 
| 











a[2[O[2|]oL2fo} oor, 
Plopoloptol} 


5 
! 
z 








2-302 





MITSUBISHI MICROCOMPUTERS 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





Mode : Direct indexed X addressing mode 
Function =: The contents of the bank-0 memory location spe- Instruction : ADC, AND, ASL, CMP, DEC, 
cified by the result of adding the second byte of DIV, EOR, INC, LDA, LDM, 
the instruction, the contents of the direct page LDY, LSR, MPY, ORA, ROL, 


register and the contents of the index register X ROR, SBC, STA, STY 
become the actual data. If, however, addition of | 
the instruction’s second byte, the direct page 
register’s contents and the index register X’s con- 
- tents results in a value that exceeds the bank-0 
or bank-1 range, the specified location will be in 
bank-1 or bank-2. gS AS | 


ex. : Mnemonic Machine code ex. - Mnemonic | Machine code 
ADC A,1EH,X 7546 1Ei,6 | ADC A,1EH,X 7516 1Ei6 
(m= 1, x = 1) (m= 0, x = 1) 
Memory | Memory 


0000,, 
A-A+C+ 


[para] ~ 


Bank-0 


A--A+C+ 


DATA. | 133815 
DATA, | DATA,|< 


1338,, 





FFFF 4, 









Direct page Index 
register register X 


+ [26] + [EB] = 1398, 


Direct page Index: 
register register X 


+ [12086] +(TESe] = 1936, 





. Op Code (7546) 


Operand (1Ej.) 


Op Code (754.) 


Operand (1E4.) 


eX. _ t Mnemonic Machine code OK _ + Mnemonic Machine code 
ADC A,1EH,X 7546 1E:6¢ | - % ADC A,1EH,X 1546 1Ei6 
(m= 1,x=0) | - (m=0,x=0) ~ bo 
Memory 


Memory 










a 0000,, 
A-A+C+ | 


[eara] ~ 


A+A+C+. 


DATA, 1 DATA, | <— | 


. Bank-0 
4338,, « : 





See] FFF ig 







Direct page Index Direct page Index 
register register X register register X 


+ [123410] + | 30E615] = 4338 | + [1234,¢ |+ [ 30B6,, |= 4938,, 


Operand (1Ej,). 








MITSUBISHI MICROCOMPUTERS | 


iki 16-BIT cmos MICROCOMPUTER 





ex. _ + Mnemonic Machine code 
LDY 1EHX Bag 1g 
(x=1) | | 
Memory 


v~[pata] + 





Direct page Index — 


Op Code (B4,,) register register X 
“Operand (1Eig) | + + | 1234, |+[_1 E66] = 1338;, 





ex. -Mnemonic  ~ Machine code 
LDY 1EH,X 3 B46 1Ei6 
(x = 0) 


Memory . 





, DATA, 4338 
Y< | DATA, | DATA, “jt : . 


FFFF,, 





Boe tail Direct page Index 
register registerX | 
Operand (1E4,) + +| 30E6,, | = 4338;¢ 
pa ane 
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MITSUBISHI MICROCOMPUTERS 


|  MELPS 7700 
ADDRESSING MODES 


‘SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





Mode | : Direct indexed Y addressing mode 


Function : The contents of the bank-0 memory location spe- Instruction : LDX, STX 
cified by the result of adding the second byte of - 
the instruction, the contents of the direct page 
register and the contents of the index register Y 
become the actual data. If, however, addition of 
the instruction’s second byte, the direct page 
register’s contents and the index register Y’s con- 
tents results in a value that exceeds the bank-0 
or bank-1 range, the specified location will be in 
bank-1 or bank-2. 


ex. - Mnemonic Machine code 


LDX 02H,Y B6,, 024, 
(x = 1) : 
Memory 0000 
16 
FFFF,, 





Direct page Index 


Op Code (B6,,) | register register Y 
Operand (0246) +] 123415 ]+| E6,6 | = 131C,, 


ex. >Mnemonic Machine code 
LDX 0O2H,Y | B6,,_, 02,, 
(x = 0) 
Memory 


0000,, 


131C4. 


X<| DATA, | DATA, -| 


FFFF,, 





Direct page Index 
register register Y 


Op Code (B6,6) | 
Operand (026) | + +] 00E6,, |= 131C,, 
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7 MITSUBISHI MICROCOMPUTERS | 
 MELPS 7700 
a ree eee ADDRESSING. MODES | 


SINGLE. CHIP 16- BIT CMOS MICROCOMPUTER 





- Mode - Direct indirect addressing mode 
| Function | i The. value obtained by. adding the. instruction’s Instruction | ADC, AND, CMP, DIV, EOR, 


- second byte to the contents of the direct page LDA, MPY, ORA, SBC, STA. 
register specifies 2 adjacent bytes in memory | | a 
bank-0, and the contents of these bytes in mem- 
ory bank-DT (DT is contents of data bank 
register) become the actual data. If, however, the 
value obtained by adding the instruction’s second — 
byte and the direct page register’s contents ex- 
ceeds the bank-0 range, the: specie’ location 
will be in bank- 1. 


"ex. * Mnemonic Machine code | ex. -Mnemonic - Machine code 


ADC A,(1EH) 7246 1E i. | a ADC A,(1EH) = 724g 1E ig. 
(m = 1) ; | | (m=0) | 
_ Memory: 


1252,,) | DATAI (01) 


1252,. DATAI (0146) 
1253;. DATAIL (124.6) 


125346 DATAIL (12,.) 


a 








Direct page poe ee 
register [| Op Code (724.) 


[rate | + [operand GE) 


Direct page | 7 
register Op Code (72;.) 
+ Operand (1E4.) 


re 











Seo See cece ee Data bank 
register 


| 120146 


Data bank — 
register pearee ee | 


120116 
DATAW | DATA, |< 


A+A+C+ 


Be] - 
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MITSUBISHI MICROCOMPUTERS 


MELPS 7700 
ADDRESSING MODES 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





Mode 1 Direct indexed X indirect addressing mode 
Function :The value obtained by adding -the. instruction’s Instruction : ADC, AND, CMP, DIV, EOR, 


second byte, the contents of the direct page re- LDA, MPY, ORA, SBC, STA 
gister and the contents of the index register X . 
specifies 2 adjacent bytes in memory bank-0, and 

the contents of these bytes in memory bank-0, 

and the contents of these bytes in memory bank- 

DT (DT is contents of data bank register) be- 

come the actual data. If, however, the value 
obtained by adding the instruction’s second byte, 

the direct page register’s contents and the index 

register X’s contents exceeds the bank-0 or 

bank-1 range, the specified location will be in 

bank-1 or bank-2 


ex. : Mnemonic Machine code 


ADC A, (1EH, X) 61ig 1Ei¢ 
(m=1,x=1) 
Memory 


0000,, 





[DATA To.) 







133846 





FFFF,, 


Op Code (61,,) 
Operand (1E4.) 


Direct page Index Pal lg 
register register X Program 


+ + =13381,  { bank-PG 






Data bank 
| register | 


A~A+C+4! pata |< | DT | 140016 
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a MITSUBISHI MICROCOMPUTERS: 
iy __MELPS 7700 
ADDRESSING MODES 


_ SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER > 





eX. :Mnemonic Machine code 
ADC A, (1EH,X) 614g 1E se 
— (m=0,x=1) 7 






Memory 
ee! a 
. DATAI (00,6) - 1338,, 








Foes Ces FFFF,, 





Direct page Index 
“ register’ register X Program 


+ | 12341, }+| | E6,,]=1338,. - ( bank-PG 





Op Code (614.) : 
Operand (1E4,) | 

















Data bank, 


| register 
DATA, 1400. 


- DATAY | 


A+A+C+4I. DATA, ! DATA, ~| 








ex. Mnemonic Machine code 
ADC A, (1H, X) 611g 1E ig 
(m=1,x=0) . 


Memory 


~ DATAI (00,,) 10338, 
DATAIL (144.6). |. . 


Bank-1 









1FFFF 6 


Directpage Index — | | 
Op Code (614.6) register register X Program — 
- 


| Operana (Tee) | + [125% |+[_FOEB. ]=10996,, / bank-Pa 





‘Data bank 
register 


A~A+C+T Data | [ DT }1400,, 





Pica MELECTRIC | 


MITSUBISHI MICROCOMPUTERS 


- MELPS 7700 
ADDRESSING MODES 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER. 





ex. : Mnemonic Machine code 
ADC A, (1EH, X) 6lig 1E1.6 
(m=0, x =0) 


10000,, 


10338,, - 


1FFFF,, 





Direct page _|ndex 


Op Code (61,,) register register X | Program 
Operand (1E,,) + + =10338,, bank-PG 





: 


Data bank 
register 


A+A+C+] DATA, 1 DATA | — | 140016 
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MITSUBISHI MICROCOMPUTERS 


- MELPS 7700 
“ADDRESSING MODES 7 


_ SINGLE- CHIP 16- BIT CMOS MICROCOMPUTER. 





~ Mode 


Function. 


ex. 


A-A+C+4[ DATA | <= 





Direct page 
register | 


: Direct indirect indexed Y addressing mode | 


:. The value obtained by adding the instruction’s 


second byte and the contents of the direct page 


— register specifies 2 adjacent bytes in memory | 


bank-0. 


The value obtained by adding the contents of 
these bytes and the contents of the index register 


Y specifies address of the actual data in memory 


-bank-DT (DT is contents of data bank register). 


If, however, the value. obtained by adding the 
contents of the instruction’s second byte and the 


direct page register exceeds the bank-0 range, 
the specified location will be in bank-1. Also, if 
addition of the contents of memory and index 


register Y generate a carry, the bank number will 
be 1 larger than the contents of the data bank 





Data bank 
register 


" 12E7,, 








Instruction - ADC, AND, CMP, DIV, EOR, 
LDA, MPY, ORA, SBC, STA 


register. 
- Mnemonic © | | Machine code 
(m=1,x=1) 
Memory 
Bank-0 
index 
: | arr TS . registerY — : 
1 S216 f 16 + =12E7 . 





ce —310 





MITSUBISHI MICROCOMPUTERS 


| MELPS 7700 
ADDRESSING MODES 


SINGLE-CHIP 16-BIT CMOS. MICROCOMPUTER 












ex. - Mnemonic Machine code 
ADC A, (1EH), Y Tlig 1Ei6 
(m=0,x=1). 
Memory — 
Bank-0 
index 
register Y 
125246 | 7 
1253 EE 









Direct page eas 
register . 


[ 1285 | + 





Op Code (714) 


' Operand (1E,.) 






Data bank 
register 


A-A+C-+] DATA, !' DATA, |< 12E716 





ex. - Mnemonic Machine code 
ADC A, (1EH), Y Mig 1Ei6 
(m=1,x=0) 
Memory 
Bank-0 
Index | 
register Y 
. FOE6,, | =102E7 










Op Code (7146) 
Operand (1E4.6) 


Direct page 
‘register 


[iat | + 










Data bank 
register | 


[ oT |+1, 027. 





n~ates[oata] 





a 231 





MITSUBISHI MICROCOMPUTERS. 





_— ss MELPS 7700 
_ ADDRESSING MODES 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER | 
ex. - | : Mnemonic 4, arden code 


ADC A, (1EH), Y 711g 1Ei6 
Memory 

Bank-0 
index 


| register Y 
+ FOE6,, =102E7,, 


1253;5] § DATATI (1246) 


‘ 


—— ee 





Direct page | | | 
register Op Code (7146) 
12344, | + |  Operand(1Ey.) | 


ee ee 





Data bank 
register 


| = DATA PDT |+1, 02E74¢ - 
A+A+C+4+I DATA, | DATA, | 3 Aas Se 











2—312 : 


MITSUBISHI MICROCOMPUTERS 


| MELPS 7700 
ADDRESSING MODES 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





Mode 


Function 


eX. 





anatest[oara]— 


: Direct indirect long addressing mode 


- The value obtained by adding the instruction’s 
second byte and the contents of the direct page 
register specifies 3 adjacent bytes in memory 
bank-0, and the contents of these bytes specify 
the address of the memory location that contains 
the actual data. If, however, the value obtained by 
adding the contents of the instruction’s second 
byte and the direct page register exceeds the 
bank-0 range, the specified location will be in 
bank-1. The 3 adjacent bytes memory location 
may be spread over two different banks. 


: Mnemonic Machine code 
ADCL A, (1EH) 6716 1Ei6 
(m=1) 


. Memory 
DATA I (EF) 
) 


DATA TI (014, 
DATA Ill (1246) 












125216 
1253,, 
12544, 


Op Code (67,.) 
Operand (1E,,) 


ce eremetiicese asset a ed 


Direct page 
register 


[12346 ] + 









1201EF ig - 


A+A+C+| DATA, : DATA, | 


Instruction : ADC, AND, CMP, DIV, EOR, 
LDA, MPY, ORA, SBC, STA 


ex. : Mnemonic 
ADCL A, (1EH) 
(m=0) 


Machine code 
6716 TEi6 | 


Memory © 








125246 
125346 
125446 








Direct page | 
register 


[tashe | + 







Op Code(67;.) 


Operand(1Eis) | 





1201EF,, 








ELECTRIC 


— 2-313 





MITSUBISHI MICROCOMPUTERS 


‘MELPS 7700. 


ADDRESSING MODES 


_SINGLE- CHIP. 16- ‘BIT cmos MICROCOMPUTER 





Mode _? Direct indirect long indexed Y addressing mode 
Function ‘The value obtained by adding the instruction’s Instruction : ADC, AND, CMP, DIV, EOR, 
- second byte and the contents of the direct page _ LDA, MPY, ORA, SBC, STA 


register specifies 3 adjacent bytes in memory 
bank-0, and the value obtained by adding the 
contents of these bytes and the contents of the 
index register Y specifies the address of the 
memory location where the actual data is stored. | 
If, however, the value obtained by adding the » 
contents of the instruction’s second byte and the 
direct page register exceeds the bank-0 range, 
the specified location will be in bank-1. The 3 
adjacent bytes memory location may be spices 
over two different banks. | 










ex. ; Mnemonic _ Machine code 
ADCL A,(1EH), Y 7716 1E46 
(m=1, x=1) 
salle 
: Bank-0 
Index 
12524 register Y 


1254,6/ 


| 





ee es ere ee 


Op Code(7746) 


Operand(1E,,) 


Direct page 
register 


[2h] + 


eee 





120210,. 
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MITSUBISHI MICROCOMPUTERS 
MELPS 7700 
ADDRESSING MODES 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 









ex. : Mnemonic Machine code 
ADCL A,(1EH), Y 7746 1E16 
(m=0, x=1) m4 
Memory 
| Index ; 
1252y6{ "_DATAT (EF) register Y 








) 





Op Code(77;.¢) 


Operand(1E,,) 


Direct page 
register 


[123416 | + 





120210,, 


nave [para] oma] —| 


eX. : Mnemonic | Machine code 
ADCL A,(1EH), Y — TM 1E+6 
(m=1, x=0) | 


‘ ° Memory 


| 


Bank-0 
, Index 


register Y: 


+[ E5214. | =12E710,. 











Operand(1E;¢) 


Direct page — 
_ register 
[12846 | + 





12E7104, 


- awate+[oata]< 
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MITSUBISHI MICROCOMPUTERS 
ae | 7 MEL PS 7700— 
ADDRESSING MODES 


_ SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





ex. -Mnemonic _ Machine code 


ADCL A,(1EH), Y 771g 1E 16 - 
(m=0, x=0) 





Memory 
| Bank-0 
Index 
1252; DATA I (EF,¢) register Y 


125316 DATA IE (0146) 


1254,. DATAII (1246). 


+| E52t. | =12E7 10%, 





Direct page ) 
~ register 
1234,, | + Operand(1E,.) 


ower ee ee eee 








—12E7104, 


a~ate-{ oath] oata || 
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_ MITSUBISHI MICROCOMPUTERS 


MELPS 7700 
ADDRESSING MODES 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





Mode : Absolute addressing mode 
Function -: The contents of the memory locations specified | Instruction : ADC, AND, ASL, CMP, CPX, 
by the instruction’s second and third bytes and CPY, DEC, DIV, EOR, INC, 
the contents of the data bank register are the JMP, JSR, LDA, LDM, LDX, 
actual data. Note that, in the cases of the JMP LDY, LSR, MPY, ORA, ROL, 
and JSR instructions, the instructions’ second and ROR, SBC, STA, STX, STY 
third byte contents are transferred to the program. 
counter. 
ex. - Mnemonic Machine code ex. - Mnemonic = Machine code 
ADC A, 0AD12H 6D, 12,6 ADj¢ | ADC A, 0AD12H 6Di¢ 1246 ADi¢ 
(m=1) (m=0) | 
Memory . Memory 





Op Code (6D,.) Op Code (6D,.) 
Operand (12) ( 
) 





Operand (12,,) 
Operand (AD4, 






Operand (AD,,) 













Data bank 
register 








eee ee Data! bank noe et AD12 
A~-A+C+ register DATAW | DATA, | <— | DAT - 





[oa] ~ 





eX. —. Mnemonic Machine code ex. - Mnemonic Machine code 


LDX 0AC14H | ‘AEs 144, ACi, LDX 0AC14H AE,6 1446 ACi, 
(x=1) - % > (x=0) | 
| M emory Memory 








Op Code (AE4,) 
Operand (144.6) 
Operand (AC) 


Op Code (AE,,) 
Operand (144.) 
Operand (AC,,) 






| 


Data bank 
register 















Data bank 
register 


x-| pata | < C141, Pees -| 





MITSUBISHE ay 





“i = MITSUBISHI MICROCOMPUTERS _ 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 








ex. _ Mnemonic | Machine code 
| JMP 0AC14H 3 | ACig 1445 ACie 
Memory 


Program 
_bank-PG 







Program 
bank register 


AC14,, 
| FFFF ig 


Address to be 
executed next. 





Program bank register contents are not affected. 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


MITSUBISHI MICROCOMPUTERS 


- MELPS 7700 
ADDRESSING MODES. 





Mode > 


Function 


eX. 












- Absolute bit addressing mode 


: The contents of the instruction’s second and third 


bytes and the contents of the data bank register 
specify the memory locations, and data for multi- 
ple bit positions in the memory locations are spe- 
cified by a bit pattern specified in the instruction’s 
fourth and fifth bytes (the fourth byte only if the m 
flag is set to 1). 


: Mnemonic Machine code 
CLB +5AH, 1234H 1045 3416 1246 5A 
~ (m=1) 
Memory 


Op Code (1C4.) 
Operand (34,.) 
Operand (12,.) 
Operand (5A;.) 






Data bank 
register 





123446 
Data bank 
register 


123416 


ex. . Mnemonic 


Instruction : CLB, SEB 


Machine code 
CLB #5AA5H, 1234H 1016 3445 1216 A5y¢6 5Ai6 


(m=0) 


Memory 





Op Code (1C,,) 


Operand (34,,) 
| Operand (12;.) 
) 











Operand (A5,,) 
_ Operand (5A4, 





Data bank 
register . 


12341, 


Data bank 
register 


| 12344, 





Y. MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS _ 


-—, MELPS 7700 
ADDRESSING MODES 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTE 





Mode... 


Function 


: The contents of the memory locations specified 


: Absolute indexed X addressing mode 


by a value resulting from addition of a 16-bit 
numeric value expressed by the instruction’s. 
second. and third bytes with the contents of the - 
index register X and the contents of the data _ 


_ bank register are the actual data. If, however, 


addition of the numeric value expressed by the » 


-- instruction’s second and third bytes with the con- 


ex. 


A+-A+C+ 


[own] ~ 


> Mnemonic 


tents of the index register X generates a carry, 
the bank number will be 1 larger than the con- 
tents of the data bank register. . 


Machine code 











ADC A,0AD12H,X . —- 7Dyg 1246 ADig 
(m=1, x=1) , | 
Memory 
ee Index . 
‘register X | 
- Operan 46 ; 
+ =AE00 
| Data bank - 
register A-AtTC+ 


| [DT ]AE00,, 


_ Instruction 


ex. 


DATA, | DATAL 


" 


: ADC ,AND ASL, CMP, DEC, — 
DIV, EOR, INC, LDA, LDM, 
LDY, LSR, MPY, ORA, ROL, 
ROR, SBC, STA 3 


Machine code 


- Mnemonic 
ADC A, 0AD12H, X 7Dig 1216 ADi¢ 
~ (m=0, x=1) : 
Memory 


Index 
register X 


+ | | EEy, | =AE00,, 


Op Code (7Dj¢) 
~ Operand (124.) 
_ Operand (ADjg) - 


Data bank 





register 
DATA, [DT | AE00,, 


DATA, | 








2320 





MITSUBISHI MICROCOMPUTERS 


| MELPS 7700 
ADDRESSING MODES 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





Machine code ex. 


ex. : Mnemonic. 
ADC A, 0AD1 2H, X 7D46 1246 AD, 
(m=1, x=0) | 
Memory 


— Index 


Op Code (7D16) register X 
Operand (124.) = 

+ [ 10EE,, | =BE00,, 
Operand (AD,¢) | 


Data bank 
register 


[ DT] BE00,, 





A~A+tC+ 


[oar] — 


ex. - Mnemonic. 
LDY 0BC12H, X | BCi¢ 1216 BCi, 
(x=1) 
Memory 


fein Index 


Op Code (BC4¢) register X 

Operand (12;,) 4 7 Pat, | ot 
| TEE: 1 EE,. | =BDOO 

Operand (BC,.) ? 7 


gets aaa hia Data bank 
| i register ; register 
¥<[ DATA |< BD00;, . DATA, CD00,¢ 





A+A+C+TI DATA, 1: DATA, -| 


Machine code | eX. 


Y <—| DATA, ! DATA, -| 


- Mnemonic Machine code 
ADC A, 0AD12H, X 7Di6 1246 AD4, 
(m=0, x=0) , > 

Memory 










| Op Code (7D4,) 
Operand (1246) 


Operand. (ADj,) 


Index 
register X 


| + [oe | =B0% 








Data bank 
register 


[DT] BE00,, 


: Mnemonic Machine code 
LDY 0BC12H, X BCi¢ 1216 BCi, 
(x=0) — 

_ Memory 





Index 
register X 


Op Code (BC,,) 
Operand (124,) 


~ Operand (BC4,) 









| ' DATAW 
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_ MITSUBISHI MICROCOMPUTERS | 
— MELPS 7700. 
ADDRESSING MODES 
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Mode. : Absolute indexed Y addressing mode — 


Function : The contents of the memory locations specified Instruction - ADC, AND, CMP, DIV, EOR, 
| by a value resulting from addition of a 16-bit 3 LDA, LDX, MPY, ORA, SBC, 
numeric value expressed by the instruction’s | STA 


second and third bytes with the contents of the 
index register Y and the’ contents of the data 
~bank register are the actual data. If, however, 

_ addition of the numeric. value expressed by the 

_ instruction’s second and third bytes with the con- 
tents of the index register Y generates @ Carry, 
the bank number will be 1 larger than the con- 
tents of the data bank register. 


ex. ts Mnemonic : | : Machine code ex. SS Mnemonic Machine code 
| ADC A, 0AD12H, Y 7946 1245 ADi¢ 3 ADC A, 0AD12H, Y 7946 1216 ADig 
(m=1,x=1) a4 % | (m=1, x=0) =m 
Memory cs a | Memory 


index 








Op Code (7944) ae | , Index 
| Operand (2) ae sie OP POde Tie): register Y — 
ie + =AE00, Operand (12 
poe es co ee 
a 16 






—_—_— 





. : ‘Data Bank 
Data Bank —-—_— 
A+A+C+ register : | A+A+C++ register 
DATA | AE00,, | Rial e fea | [DT |BE00,, 


ex. - Mnemonic Machine code | ex. / 4 Mnemonic , _ Machine code 


_ ADC A, 0AD12H, Y 1946 1246 ADig : . ADC A, 0AD12H, Y | 7916 1246 AD,, 
(m=0,x=1) 3 — (m=0, x=0) oe 
Memory : 


_ Memory 


























Op Code (78.0) Index 
egeter Index 
ET E | | 
— Shard Taba] } + EE | =At0 § ee eee ) “registerY. 
a ae —1} + [OEE | =BE00,, 


‘Operand (AD) =| 





NY are 


| Data bank ; 





Mee. = ede! register — | - | Data bank 
| [DT] Ae00,. A-A+C+. register 


— | DATAW1 DATA, | < | 
2 : BE00,, 


DATA | DATA, | < 
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MITSUBISHI MICROCOMPUTERS 


‘MELPS 7700 
ADDRESSING MODES 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





ex. : Mnemonic IMachine code ex. - Mnemonic ' Machine code 


. LDX 0BC12H, Y - BE 12,5, BCi, LDX 0BC12H, Y BE,, 124. BCi, 
(x=1) oo oe (x=0) | 
Memory | . Memory 





Swen Index aeinane 





Index 
~ — oe register Y Op Code (BE,) register Y 
peran 16 
a =BD00 Operand (12,,) 2 
Sesand Ge) r See ee) + [ioe s | =c000, 
16 








Data bank pala bank 


| register register 
X< |] DATA |< [ DT | cDoo,, 


BD00,. 
X <] DATA, | DATA, | — 
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_ ADDRESSING MODES 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER | 

















Mode : Absolute long addressing mode 
_ Function — : The contents of the memory locations specified 
. by the instruction’s second, third and fourth bytes 
become the actual data.Note that, in the cases of 
the JMP and JSR instructions, the instructions’ 
second and third byte contents are transferred to 
_the program counter and the fourth byte contents | 
are transferred to the program bank register. 
ex. : Mnemonic Machine code 
ADC A, 123456H | 6F 16 5646 3446 1246 . 
(m=1) — | 
Memory 
[Op Code (6s) _| 
| 
A+A+C+ 
(pa 
eX. : Mnemonic 


IMachine code 


JMP 123456H | SCi6 5616 341g 1216 


Memory 


[operand (56) 
[operand (4m) | 





Program 
bank register 


(aoe, 


Address to be 
executed next. 





Program bank register contents are replaced by 
the third operand. . 


123456,, < , : 
*A-A+C+4+] DATA, | DATA, -| 


Instruction : ADC, AND, CMP, DIV, EOR, 
JMP, JSR, LDA, MPY, ORA, 


SBC, STA 
ex. : Mnemonic ‘Machine code | 
ADC A, 123456H. 6Fi¢ 5646 34:6 1 246 
(m=0) . 7 
Memory 


. Op Code (6F;,) 

~  Operand (564.) 
Operand (34,,). 
Operand (124.,) 





123456, 
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Mode 


Function 


@X. 


A-A+C+ 


[para] < 


eX. 


A+A+C+4+ 


[oxra) = 


: Mnemonic 


: Absolute long indexed X addressing mode 


: The contents of the memory location specified by 


adding the numeric value expressed by the 
instruction’s second, third and fourth bytes with 
the contents of the index register X are the actual 
data. | 


; Mnemonic Machine code 
ADC A, 123456H, X TF ig 5646 3446 1246 
(m=1, x=1) 

Memory 


Index 
register X 


+[ 1 Et, ]=123537,, 


Op Code (7F,,) 
Operand (56,,) 
Operand (34,,) 
Operand (124) 


123537,, 





Machine code 
ADC A, 123456H, X TF 16 5616 3446 1246 
(m=0, x=1) 
Memory 


. Op Code (7F4.) Index 
Operand (56,4), register X 


Operand (344,) a | EEE1,¢ | =132337;, 


- Operand (124.) 





1323374, 





A-A+C+ 


DATA, | DATA, |< 


DATA, | DATA, -{ 
—AHAT+C+H 


Instruction : ADC, AND, CMP, DIV, EOR, 
LDA, MPY, ORA, SBC, STA 


ex. : Mnemonic Machine code 
ADC A, 123456H, X TF 16 5646 3416 1246 
(m=0, x=1) | 
Memory 


Index 
register X 


Op Code (7F,,) 
Operand (56,,) 
Operand (344,) 


~ Operand (12,,) 





123537, 


ex. — « Mnemonic -Machine code 
ADC A, 123456H, X TF ig 5646 3446 1246 
-—(m=0, x=0) hates | 
Memory 










Op Code (7F4,) Index 
Operand (564, _ register X 







Operand (124.6 


| ( 
) 
;) 












13233716 


DATA, 


' . 
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Mode : Absolute indirect addressing mode 


Function : The instruction’s second and third bytes specify 2, - Instruction :JMP 
adjacent bytes in memory, and the contents of — 3 . 
these bytes specify the address within the same — 
i program bank to which a jump is to be made. 


ex. _ « Mnemonic | Machine code 
 JMP(1400H) BC 16 0016 1446 
Memory 


- Op Code (6C,,) 
Operand (00,.) 
Operand (14,,) 


Program 
bank-PG 





DATA I (FFi¢) 
DATA TE (1E 46) 


1400,, | 


Program 
bank register 


1EFF,, 


_ Address tobe » 
. executed next. 
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Mode : Absolute indirect long addressing mode 


Function =: The instruction’s second and third bytes specify 3 Instruction : JMP 
adjacent bytes in memory, and the contents of 
these bytes specify the address to which a jump 
is to be made. 


ex. . : Mnemonic | Machine code 
JMPL(1234H) DC, 3446 1246 


Memory 


Op Code (DC,,) 
Operand (34,.) 
Operand (124.) 


Program 
bank register 


DATA I (1246) [PG ]123446 
DATA II (B4j5) 
DATA I (A1,6) 













Program 
bank register 


[A116|B 41216 


Address to be © 
executed next. 


DATA Tl is loaded in the program bank register. 
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Mode : Absolute indexed X indirect addressing mode 


ory, and the contents of these bytes specify the 
address to which a jump is to be made. . 
- Machine code 


ex. _ + Mnemonic — 
| 7Ci6 3446 1246 


JMP(1234H, X) 
(x=1)_ 


Memory 






Index 
register X 


Op Code (7C,,) 
Operand (34,4.) 


Operand (12:6) 





DATA I (124.) 
DATA II (BC) 


124646 


Program 
‘bank register 


| BC12,, 





Address to be 
executed next. 


- The value obtained by adding the instruction’s 
second and third bytes and the contents of the in- 
‘dex register X spcifies 2 adjacent bytes in mem- 





Instruction : JMP, JSR- 


Program 
bank-PG 
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Mode : Stack addressing mode 


Function : Register contents are saved to or restored from Instruction : PEA, PEI, PER, PHA, PHB, 
the memory location specified by the stack poin- PHD, PHG, PHP, PHT, PHX, 
ter. The stack pointer is set in bank-0. _ PHY, PLA, PLB, PLD, PLP, 
PLT, PLX, PLY, PSH, PUL 
ex. + Mnemonic Machine code ex. - Mnemonic | Machine code 
PHA 481. PHA 48,1. 
(m=1) ! (m=0) : 
‘Memory Memory 


Stack pointer 


Stack pointer 


OTE $2 


Bank-0 


S-1 


Bank-0 


a | 
eX. - Mnemonic | Machine code © ex. - Mnemonic | _ Machine code: 
PHD . — 0B. : , , PEA t 1234H : F4,. 3446 12,4, 
Memory | Memory ; 
Stack pointer 
00,6 Stack pointer 
Bank-0 | Bank-0 





~ Op Code (F44,) 
Operand (34,,) | - 
Operand (124.) 
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ex. - Mnemonic 


Machine code 
i | PEI # 12H D4,, 1246 
| Memory 






341246 






Stack pointer 


S-2 
S-1 


Sanetiitemenennrestiiee teeter 


a 






| Direct page 
Op Code (D4,.) register 


|  Operand (12,,) + | 3400,, = 34124, 


Bank-0O 


_. Machine code 
6216 3446 1246 


ex. _: Mnemonic — 
PER # 1234H 


Memory: 








Stack pointer 


$2 006 [Sa S| 
St _ : 


Bank-0 







Program 
| bank register 





“Op Code (624) 





sid - Program 
Operand (34,5) — | bank-PG 


Operand ( 





“ ‘\ 
a | (fp . 
| + [apa] =) 48, 


1246) 
. Program counter 
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Mode > : Relative addressing mode 
Function : Branching occurs to the address specified by the Instruction : BCC, BCS, BEQ, BMI, BNE, 


value resulting from addition of the contents of BPL, BRA, BVC, BVS 
the program counter and the instruction’s second 

byte. In the case of a long branch by the BRA in- 

struction, a 15-bit signed numeric value formed 

by the contents of the instruction’s second and 

third bytes is added to the program counter con- 

tents. If the addition generates a carry or borrow, 

1 is added to or subtracted from the program 

bank register. 


ex. : Mnemonic ‘Machine code 
BCC *«—12 9016 F4i, 
Branches to the address * —12 if the carry flag (C) Advances to the address * if the carry flag (C) 
has been cleared. has been set. 
Memory Memory 


Address to be 


executed next. *—12 








Op Code (90,,) 


Op Code (904,) 





Operand (F44,) Sune | Operand (F4,.) 
executed next. as 
ex. : Mnemonic Machine code 
BRA 1234H 8216 3446 1246 
Memory — 
Op Code (82,,) Program 
Operand (34,,) bank-PG 
: ss _ Program 


Operand (124,) bank register 


FF12,¢ 


Program _ 
~ bank-PG+1 


eee io | ES 
executed next. [Po 16 
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Mode: Direct bit relative addressing mode 


Function. : Specifies: the bank-0 memory location by the | Instruction : BBC, BBS 
‘value obtained by adding the instruction’s second oe | 7 
‘byte to the direct page registers contents, and. 
specifies the positions of. multiple bits in the 
memory location by the. bit pattern in the third 
and fourth bytes (the third byte only if the m flag 
is set to 1). Then, if the specified bits all satisfy 
the branching conditions, the instruction’s fifth 
byte (or the fourth byte if the m flag is set to 1) is 
added to the program counter as a signed value, 
generating the branching destination address. If, 
however, addition of the instruction’s second byte 
to the direct page register’s contents result in a 
value that exceeds the bank-0 range, the speci- 
fied location will be in bank-1. _ 4 


ex. > Mnemonic Machine code 
BBS #5AH, 04H, OFGH 2416 0416 5Aic F6x¢ 











001238,, sank) 001238,, Bank-0 
Program 
Midieeete we _| bank register — 
executed next, || [tag FFFD 6 
— Direct page i Direct page 
Jump Op Code (24,,) register Op Code (2446) register 
Operand (04,4) | +(1234,6|=1238,, Operand (04,5) | + [123416]=1238,, 
Operand (5A4,) Program ~  Operand (5Aj.) Program oe 
Operand (F6,.) bank register . | Operand (F64,) bank register 
Fig] 0007,, —«=«AAHress tobe [| [a 0007, 
executed next. 2 


(Branch | 
) (Not branch) 
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ex. © Mnemonic Machine code 
BBS +5AA5H, 04H, OF6H 9 =. 244, 0444 A5ig 5Aig F6y, 
(m=0) 
Memory | - Memory 






cere 0012385 < | By 


001238, 


Program 
Address to be bank register 


executed next. Me Abn a eel [1144 FFFEi¢ 


: | Direct page . Direct page 
ie register register. | 
+ [12846] = 1298,4 + [1284] = 12384 
| 
Program Program 
_ bank register Address to be bank register ; 
| 


0008,, executed next. ee ae el 1216 0008,, 





(Branch) 


(Not branch) 








BLECTRIC _ F 7 2333 


MITSUBISHI MICROCOMPUTERS 
ee MELPS 7700 — 
| ADDRESSING | MODES | 


-.., SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





Mode : Absolute bit relative addressing mode — | 


Function ! The instruction’s second and third bytes and the | Instruction : BBC, BBS 
contents of the data bank register specify the 
memory location, and data for. the memory 
location’s multiple bits is specified by a bit pat- 
tern in the instruction’s fourth and fifth bytes (the 
fourth byte only if the m flag is set to 1). Then, if 
the specified bits all satisfy the branching condi- | 
tions, the instruction’s sixth byte (or the fifth byte 
if the m flag is set to 1) is added to the program 

_ counter as a signed value, generating the bran- 
ching destination address. 


ex. >: Mnemonic.» Lowes Machine code 


BBS #5AH, 1234H, OFGH 215 3416 1216 5Are F046 
(m=1)0 0 a 
| Memory | 3 Ce ak | | oS | - : Memory 









Program 
Address to be bank register 
executed next. - FFFD,, 










| Op Code (26 ) ae a | | ! "Op Gode (2Cig) |. 

: 16. ; - 
p Operand (345) _ a ae 4 = oe ae | 

| peran 16 
Operand (12;5) | | 
: Speed GA) Operand (5Ai6) Program 
. = 4 Operand (F6,.) bank register 

—— ace oor 

executed next. 1S 18 





Program 
bank register 


124¢| 0007,, . 


— §——— eS 


Data bank 





Data bank Ros 
register | fog ister 
1234 
[ DT] 1234, ? bis 
(Branch) ~ a | | (Not branch) 
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ex. . Mnemonic Machine code 
BBS #5AASH, 1234H, OF6H 9 = 2C 46 3446 1246 A5ig SAig F616 
(m=0) 
Memory Memory 


Program 
ibank regi 

Address to be gister 
executed next. FFD,, 


Op Code (2C4¢) Op Code (2C,,) 

Jump Operand (344,) Operand (344,) 
Operand (12;.) 
Operand (A54¢) 


Operand (124.) 
1 Operand (A54.) 


- Operand (5A4¢) Program 


Operand (F64.) bank register 





Operand (5Aj4,) Program 
Operand (F6,,) bank register 
ce aes 





0007,, 


executed next. 


Data bank 
register 


1234,, 


Data bank 
register 


[ DT ]1234,, 





(Branch) ; (Not branch) 
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Mode : Stack pointer relative addressing mode 


Function — : The contents of a bank-0 memory location speci- | Instruction : ADC, AND, CMP, DIV, EOR, 


fied by the value resulting from addition of the 
-instruction’s second byte and the contents of the 
stack pointer become the actual data. If, howev- 
er, the value obtained by adding the contents of 
the instruction’s second byte and the stack point- 
ers contents exceeds the bank-0 range, the spe- 
cified location will be in bank-1. _ 


ex. > Mnemonic ‘Machine code » eX. 
, ADC A, 02H, Ss. 6346 02:6 | »: 
(m=1) 
Memory 







Bank-0 
AS AtC+ 


A+A+C+ DATA | < 


1236,, 


Op Code (63,,) | Stack pointer 
-Operand (024.6) + | 1234,, | =1236,, 





2336 


DATA, | DATA, | -<- | 


_LDA, MPY, ORA, SBC, STA 


- Mnemonic | _ Machine code: 
ADC A, 02H, Ss - 6316 02;, 
_ (m=0) 3 ; 
| Memory. 







DATA, . 


DATA 


1236,, 













Op Code (63,,) : 





Stack pointer 


| Operand (02,5) | +[ 1234, |=1236,¢ 








MITSUBISHI MICROCOMPUTERS 


MELPS 7700 
ADDRESSING MODES 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





Mode : Stack pointer relative indirect indexed Y addres- 
| sing mode 
Function : The value obtained by adding the instruction’s jnsivuction : ADC, AND, CMP, DIV, EOR, 
second byte and the contents of the stack pointer LDA, MPY, ORA, SBC, STA 


specifies 2 adjacent bytes in memory. The value 
obtained by adding the contents of these bytes 

and the contents of the index register Y specifies 
address of the actual data in memory bank-DT 
(DT is contents of data bank register). If addition 
of the 2 bytes in memory with the contents of the 
index register Y generate a carry, the bank num- 
ber will be 1 larger than the contents of the data 
bank register. 


ex. : Mnemonic IMachine code ex. : Mnemonic Machine code 












ADC A,(1EH, S), Y 7316 1Ei6 : ADC A,(1EH, S), Y 7316 1Ei¢ 
(m=1, x=1) (m=0, x=1) 
Memory Memory 
Bank-0 
Bank-0O 
Index register Y Index register Y 
12524 =|. 125216 [DATA T(t cae 
125% +L_iE6a] = 125T 1254 a 
| ee Stack pointer O 
: p Code (734) 
Stack pointer Op Code (7346) ae 
+ Operand (1E,.) | | | 
Data bank 
ee ee Data bank As-A+C+ register 
A-A+C+ register [DATA, | DATA] <— | [DT] 12E716 
MITSUBISHI 3 | 9337 
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eX - Mnemonic Machine code: 


ADC A, (1EH,S),Y 7346 1E16 : | ee 
(m=1,x=0) | 
Memory 






Bank-0O 


| , {dn 
125244 DATA I (Ole) dex register Y 


1253,, | DATA II (12,6) 


a = 102E71¢ 


Stack pointer [Op Code (73,6) | 


: + | Operand (1E4.) 


Data bank 
register 
[DT ]+1, 02E7,, 





A~A+C+[DATA] — 







a - Mnemonic — | | Machine code 
ADC A, (1EH, S), Y 7316 1E16 
-(m=0, x=0) _ 
Memory 
Index register Y 
1252 | ie 





ed 


ne ee ee ee 


Op Code (7346) | 


Operand (1E46) 





Stack pointer 
+ 








| . ob Data bank 
_ register 
| : | , 02E7,¢ 
_ A~A+C+] DATA, | DATA, | < [oT ]+1 02E716 
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Mode - Block transfer addressing mode 


Function _: The instruction’s second byte specifies the trans- Instruction : MVN, MVP 
fer-to data bank, and the contents of the index - 
register Y specify the transfer - to address within 
the data bank. The instruction’s third byte speci- 
fies the transfer-from data bank, and the contents 
of the index register X specify the address in the | 
data bank where the data to be transferred is 
stored. The contents of the accumulator A consti- 
tute the number of bytes to be transfeered. Upon 
termination of transfer, the contents of the data 
bank register will specify the transfer-to data 
bank. The MVN instruction is used for transfer to 
lower address location. In this case, the contents 
of the index registers X and Y are incremented 
each time data is transferred. The MVP instruc- 
tion is used for transfer to higher address loca- 
tion. In this case, the contents of the index regis- 
ters X and Y are decremented each time data is 
transferred. The block of data to be transferred 
may cross over the bank boundary. 


ex. - Mnemonic Machine code . 
MVN 0E2H, OE5H 54,6 E216 E5,¢6 
Before transfer | After transfer 
Memory Memory 






DATA I 





E25678,, 


DATA I 
DATA II 










Op Code(544.) 
_Operand (E2,,) 
Operand (E5,,) 
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ex. = Mnemonic’ _ IMachine code 


MVP OE5H,0E2H = 4445 E546 E2i6 
Before anster | Fi After transfer 


a 


DATA I 


Memory ; . Memory 









Bank-E2y5 “DATA II | 
E2567A,, DATA II | 
AT RFF Fe 






| 
7 ‘| al 0003;, | > | 
Op Code(444.) X [_ 567Ai6 | Op Code(44,6) X[ 567716 | 
: 7 — Operand (E5,¢) Y| 1233, 
| ) 
! 


( 
Operand (E54.) Y 
) Operand (E2;., DT LESi6]} 


Operand (E246 DT [7]. 


Bank-E54¢ 
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ert CODE TABLE-1 


0000 0001 0010 ba bad 0101 ae 0111 1000 1001 1010 1011 1100 1101 || 1110 1111 
Hexadecimal 
ORA ORA 
0000 
A(DIRX) DIR,b | A,DIR DIR ee A,IMM , ; : 

ORA ORA CLB ORA ASL ORA 

0001 
A,(DIR), eRe DIR,b |A,DIR,X} DIR,X eee A,ABS,Y | ABS,b A,ABS,X} ABS,X |A,ABL,X 

BBS 
ABS _!A(DIR,X)} ABL A,SR_ |DIR,b,R| A,DIR DIR sae A,JMM 
ee Sore ono 


con 




















































BBC 











JABS,b,R 

























EOR | EOR 





0101 
A,(DIR),Y|A,(DIR) eR 


ADC ADC 
(DIR, A,SR | DIR | A,DIR 


A,DIR,X 

























ADC 
























A,ABS,X 














A,DIR,X} DIR,Y jA 





DEY | Note 2] TXA 
ALOR) 
| STA 
TXS | TXY |. : 
A,ABS,Y 5 |A,ABS,X|. 
TAY 


CLV TSX TYX 


A,ABS,Y _| 
CMP i. 


oORe 


























A,(SR),Y| DIR,X A.DIRX 
CMP | CPY | CMP 















INY 











A,(DIR), MAL DIBIA SHY DIR, X JAL(DIR), /ABS,Y A,ABS,X| ABS,X 


CPX SBC | INC 
son. X) IMM _| A, 
hs R),YIA,(DIR)IA, 


(SR).Y A.DIR.X| DIR,X |AL(DIR)Y 


Note 1 : 421. specifies the contents of the INSTRUCTION CODE TABLE-2. 
About the second word’s codes, refer to the INSTRUCTION CODE TABLE- 2, 
2 8916 specifies the contents of the INSTRUCTION CODE TABLE-3. 
About the third word’s codes, refer to the INSTRUCTION CODE TABLE-2. 




























A,ABS | ABS 
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INSTRUCTION | CODE -TABLE- (The first word’s: code of each instruction is: 5 ARs) 




















| ORA | ORA | | 
— —_[B,(DIR,X) B,SR 
ORA | ORA | ORA |’ 


B,(DIR),Y/B,(DIR)|B,(SR),Y 
| AND 











B,SR 
ana] TaN 
AND | AND . - AND 





B,(DIR)/B,(SR),Y B,DIR,X; ——_[L(oIR), _|B,ABSY|_ 
EOR EOR | gor {| EOR 

















EOR | EOR | _ EOR- EOR | EOR | 








B,SR << {BL(DIR) B,IMM 


_{B,ABS.Y) | 


ADC _ ADC 
| PLB 

8 [BIR]; BLO) cy | 

ADC ~ . | apc | | apc {| | ape 





B,(DIR)|B,(s _|B,DIR,X pee 
ADC | 























6 (DIR). YB,(DIR)/B.(SR).| ___ |[BDIRX BL(DIR) [Bags 
STA STA | STA. ‘| STA |. 





B(DIRX)| |: BSR {BDIR| __ [BL(DIR) 
STA . | STA [ sta | STA. 











B,(DIR), VIB, B,(SR),Y B,DIR,X _[BL(DIR), 
LDA | LDA _{ LDA LDA 








B,(DIR,X)| | | BSR — | B,DIR —1B,L(DIR) 


| LDA 4 | LDA 


B,(DIR),Y IB, (DIR)/B,(SR).Y 
CMP | - CMP 

















IB(DIRX)| B.SR 
~| cmp} cmp | CMP 








aaa ____|B,DIR,X!_—__JBL(DIR), _|B,ABS,Y} 
SBC ‘SBC | SBC SBC 








B(DIRX)| | - BSR DIR | 'B,L(DIR) _|.BAIMM | 
sec | sec | sec | | sec | SBC 












































B,(DIR).YIB,(DIR)|B,(SR),Y Bio) = sIBLABSY 
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INSTRUCTION CODE TABLE-3 (The first word’s code of each instruction is 89,,) 


Nee 0000 | 0001 feo | an 0110 | 0111 jc 1001 | 1010 | 1011 ps 1101 1110 1111 
Hexadecimal , . 
MPY MPY MPY MPY 
0000 
(DIR,X) SR ) M ABS ABL 
MPY | MPY | MPY MPY MPY 
(DIR),Y! (DIR) | (SR),Y DIR,X L(DIR),Y S ABS,X ABL,X 
. DIV Div D DI DIV 
0010 | XAB 
(DIR,X) SR R | 
DIV DIV DIV DIV DIV 
(DIR), Y| (DIR) | (SR),Y DIR,X ABS,Y : 


9 
PY 
M 
PY 
ms 
IV D 
M A 
IV 
0011 
ae : 












7 
MP 








Y 
L(DIR 
MPY 

V 





5 
MPY 
DIR 
MPY 
IV 












og 
ae 
9 
= 
> 
i 


B 


IV 
BS 
DIV DIV 





ABS,X ABL,X 





oo 
Q 
a 
~< 


M 
| 
M 
AB 
D 
IM 
D 
R 
0100 
0101 


IMM 












































0111 








1000 








0110 


2 
3 
5 







, 





§ 


- 
D. 
4 











= 
= 














ae ; 
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Addressing mode 
Symbol Function Details DIR | DIR,b | DIR,X | DIR,Y } (DIR) | (DIR,X) (DIR),Y 
. : Te 7 . 
| "P op +]op 
+. 
ADC Acc,C + Acc tM+C | Adds the carry, the accumulator and the memory contents. 4| 2) 2\7) 
(Note 1,2) The result is. entered into. the accumulator. When the D | _ 
flag is “O”, binary Additions is done, and when the D flag is 
. “1”, decimal addition is done. 
AND Acc + Acc AM Obtains the logical product of the contents of the accumu- 
(Note 1,2) , lator and the contents of the memory. The result is en- 
_ | tered into the accumulator. 
als | | = 
‘ASL m=0 Shifts the accumulator or the memory contents one bit to 
(Note 1) [€]—[bisl ~] bo |~-0 the left. “0” is entered into bit 0 of the accumulator or the 
me memory. The’ contents of bit 15 (bit 7 when the m flag is 
“4”) of the accumulator or memory before shift is entered 
2 [c]—[_b7| STs! | into the C flag. 
BBC Mb=0? Tests the specified bit of the memory. Branches when all 
(Note 3,5) . the contents of the specified bit is “0”. , 
BBS Mb=1 ? Tests the specified bit of the memory. Branches when all. 
(Note 3,5) the contents of the specified bit is “1”. 
1 T ; 
BCC C=0? Branches when the contents of the C flag is “QO”. 
(Note 3) 
; — als ; 
BCS C=1? Branches when the contents of the C flag is “1”. 
_(Note 3) i i. - 
BEQ z=1? Branches when the contents of the Z flag is “1”. 
(Note 3) 
—|—.- 
BMI N=1? Branches when the contents of the N flag is. “1”. 
_ (Note 3) 
BNE Z=0? Branches when the contents of the Z flag is “Q”, 
1 (Note 3) 
pe : 
BPL N=0? Branches when the contents. of the N flag is “0”. 
(Note 3) . 
BRA roar |} Jumps to the address indicated by the program counter 
(Note 4) | PG+-PG+1 plus the offset value. 
(carry occured) 
PG--PG—1 
| (borrow occured) 
|} BRK PC+PC+2 Executes software interruption. _ 
M(S)-PG . 
S+S~—1 
M(S)-PCy 
S+S—] : \ 
M(S)-PC_ 
SeoTT 2. 
M(S)+-PSy 
S+S—1 
M(S)+-PS_ 
S+S—1 
I] 
PC, +ADL 
PCy*-ADy 





: Hee . 
BVC | v=o? ; 





| 


Branches when the contents of the V flag is “0”. 
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(Note 3). . 
BVS v=]? Branches when the contents of the V flag is “1”. 
(Note 3) - ‘ 
CLB b-0 "| Makes the contents of the specified bit in the memory “0”. 
(Note 5) | _ _ 
eles — 
CLC . | C-0 “| Makes the contents of the C flag “O”.. 
{Cul Ped Makes the contents of the | flag “0”. 
- 
CLM m0 _| Makes the contents of the m flag “0”. - . 
~~ CLP PSb+-0 Specifies the bit position in the processor status register: by the bit | 
a nine: pattern of the second byte in the instruction, and sets ve in that bit. | 
CLV | Ve-0 |” Makes the contents of the V flag “0”: 
ae 
._CMP + Aco7-M Compares the contents of the accumulator with the contents of 
(Note 1,2) the memory. 
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Symbol Function 





CPX X-M 
(Note 2) 


4+ CPY 
(Note 2) 


DEC 
(Note 1) 












Acc*-Acc7—1! or 
M+-M—1 
















DIV 
(Note 2,10) 


A(quotient)+-B,A/M 
B(remainder) — 








EOR 


Acc*-Acc¥M 
(Note 1,2) 










INC 
(Note 1) 


Acc*Acct1 or | 
M +-M-+1 





JMP ABS 
PC, — AD, 
PCy + ADy 





ABL 

PC. + AD, 
PCy + ADy 
PG-ADg 


(ABS) 
PC, -(ADx, ADL) . 
PCy —(ADy, ADL +1) 
L(ABS) 

PC, +(ADy, ADL) 
PCy (AD, ADL+1) 


PG —(ADy, AD, +2) . 


(ABS, X) 

PC, +-(ADy, ADL +X) 

PCy (AD, ADL +X 
+1) 


JSR ABS 

: M(S)+- PCy 
S+S-—] 
M(S)+~ PC, 
S+-S—1 
PC. 1 AD, 
PCy + ADy 


ABL 

M(S)+ PG - 
S$+-S-—1 
M(S)*= PCy 
S+S—| 
M(S)+-PC, 
$+ S-l 
PC. + AD. 
PCy. + ADy ‘ 
PG + ADg 


(ABS,-X) 

M(S)+ PCy 
S+S-1 

M(S)+- PCL : 
s-s-1 

PC, —(ADy, AD EX) 


PCy —(ADn, ADL +X 
ne) 
























contents of the memory. 


contents of the memory. 


1. 






placed into the accumulator. 





1. 


Places a new address into the program counter and jumps | 


to that new aglaes: 


‘ 





‘and jumps to the new address. 





Details 


Gonpares the contents of the index register X. with the 


Compares the contents of the index register Y math the 











Decrements the contents of the accumlator or memory by 


Decrements the contents of the index register X by ee 


Decrements the contents of the. index register Y by 1. 





The numeral that places the contents of accumulator B to the higher order and the 
contents of accumulator A to the lower order is divided by the contents of the memory. 
The quatient is entered into accumulator A and the remainder into accumulator B. 





Logical exclusive sum is obtained of the contents of the 
accumulator and the contents of the memory. The result is 











Increments the contents of the accumulator or memory by 


Increments the contents of the index register X by 1. 


Increments the contents of the index register Y by 1. 





Saves the contents of the program counter (also the con-— 
tents of the program bank register for ABL) into the stack,- 








Addressing mode 
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Addressing mode 


rein | ate a Pa 


LDA . E> Enters the contents of the memory into the accumulator. _ A9) 2] 2 
(Note 1,2) ~  : _ i 
. we a 42) 4} 3 
eh | 4 , | | . Ag 
-LDM M+ IMM - Enters the immediate value into the memory. va 
(Note 5) . —_ 


LDT DT <— IMM Enters the immediate value into the data bank register. 


LDX X+M 7 ' | Enters the contents of the memory into index register X. cee 2\2 


O 
a 
x< 
9 
av 
~< 
o 
= 
=) 
Pod 
Eas 
iS) 
= 
le 

















a a nee oe 
a iia ees EF 


S| 2] | | (8s) Bs | 






























































































































































































































2 BG] 5 | 2 
(Note 2) . 
LDY- Y*M —_ | Enters the contents of the memory into index register Y: AO} 2/2 A ie a A 5\2 
(Note 2) . 8 7 mo = 
LSR m=0 Shifts the contents of the accumulator or the contents of 4A} 2) 1 146) 7] 2 712 
(Note 1) | 0-bidl [boc the memory one bit to the right. The bit 0 of the accumula- yd 
=| tor or the memory is entered into the C flag. “O” is entered 42/4) 2 
. into bit 15 (bit 7 when the m flag is “1”.) 4A 
o~(b Too | : . 23 | 
MPY |B, ATAxM | Multiplies the contents of accumulator A and the contents of the mem- 89/16] 3 89|18! 3 89119; 3 89120} 3 189/21} 3 }89}22) 3 
(Note 2,11) ory. The higher order of the result of operation are entered into accu- 09] . 05 15 1 V2 01 11 
, mulator B, and the lower order into accumulator A. 
MVN ‘| Mn-+ie-Mm-+i Transmits the data block. The transmission is done from 
(Note 8) the lower order address of the block. 
MVP — Transmits the data block. Transmission is done form the 
(Note 9) higher order address of the data block. 

Advances the program counter, but performs nothing else. |EA| 2 Hea nessa R teed deel Hcl see aeape Tat 
ORA Acc*AccVM Logical sum per bit of the contents of the accumulator and 09|2|2 05] 4 | 2 15) 5} 2 1216) 2 7\2 ie 2 
(Note 1,2) the contents of the memory is obtained. The result is en- . 

. ; tered into the accumulator. _ 42\4|3 42) 63 42)7)|3 42) 8 | 3 }42) 9 | 3 42/10) 3 a 

; ; , ie ; 09 05 15 12 01 11 pe Te 
PEA . - | M(S)+-IMM2 The 3rd and the 2nd bytes of the instruction are saved into 
S+S—1 _ | the stack, in this order. . 
M(S)-IMM 
S$-S—1, 
: = = 
PEl M(S)+M((DPR)+IMM | Specifies 2 sequential bytes in the direct page in the 2nd | 
aan +1) byte of the instruction, and saves the contents into the 
S+S-—l stack. : 
M(S)*-M((DPR)-+IMM) | 
; S-S—] 
PER EAR+PC+IMM2,|MM| Regards the 2nd and 3rd bytes of the instruction as 16-bit: , 
M(S)*-EARW numerals, adds them to the program counter, and saves | 
| S-S-1 _} the result into the stack. 
M(S)+-EAR; - | 
$-S—1 
| PHA i | m=0 . | Saves the contents of accumulator A into the stack. 
M(S)+Ay 
S-S-1 
M(S)*-A, 
$-S—1 
m=! 
M(S)+AL 
TS=S=1" 
PHB. m=0 . | Saves the contents of accumulator’B into the stack. 
M(S)*+-Bx . | . 
S+S-—] 
M(S)+-BL 
S+S-—l - 
m=1 
M(S)+-B, 
S+S-—1 
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M(S)*-DPRy 

S+S—] 
“M(S)-DPR, 

S+S+1 


—. 





_ | Saves the contents of the direct page register into the |. 


_ Details 
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stack. 


ia ‘ 





M(S)+—PG 
SS] , 


Saves the contents of the program ‘pank register into the 
stack. | ' 








M(S)+-PSy 
S+-S-—] 
M(S)+-PSL 
S+s—] 


Saves the contents of the program status régister into the 
stack. 











M(S)+-DT 
S-S—] 


Saves the contents of the data bank register into the 
stack. 











x=0 
M(S)*-Xy 
S+S—-1 . 
M( S) +X. 
S+S-—]1 


x=1 a 
M(S)+-X, 
S+S-—1] 


—}- ———— 


‘Saves the contents of the index register X into the stack. 


alias 








x=0 
M(S)+-Yu 
S+S—1_ 
M(S)*+YL 
S+S~—] 


v4 
M(S)+Y¥, 
SeS=aty 


m=0 
S+St+1 
AL+-M(S) 
S+S+1 
Au*-M(S) 


m=] 
S+S+1 — 
AL+-M(S) 


Saves the contents of the index register Y into the stack. 


Restores the contents of the stack on the accumulator A. 








‘m=0 
S-S+] 
.BL+-M(S). 
| SHSt1 

| Bu*-M(S): 


m=1 
S+S+1 
“BL+M(S) 


Restores the contents of the stack on the accumulator B. 


\ 


a 








S+S+1 
DPRi+-M(S) - 
S+-S+1 
DPRy-M(S) 


—+}— 


Restores the contents of the stack on the direct page reg- 
ister. 


a 











S+S+1 
PS_+-M(S) 
S+S+1 
PSy*-M(S) | 


—-} 


Restores the contents of the stack on the processor status 
register. 








S+S+1 
| DT-M(S) 


Restores the contents of the stack on the data bank reg- 
ister. : 








x=0 
S+-S+1 
XL+-M(S) 
S+S+] 
Xyu+-M(S) 


x=] 
S+S+1 
X.+-M(S) 








| Restores the contents of the stack on the index register X. 
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Function 










rs oe 


Details 











Restores the contents of the stack on the index register Ne. 








Addressing mode 


















PSH 
- (Note 6) 


M(S)+A, B, X= 


_register, or processor status register, specified by the bit 





Saves the registers among accumulator, index register, 
direct page register, data bank register, program bank 


pattern of the second byte of the instruction into the stack. 




























PUL 
(Note 7) 


+ 
A, B, X:**+-M(S) 





Restores the contents of the stack to/the registers among | 
accumulator, index register, direct page register, data 


















































































































































































































bank register, or processor status register, specified by 
the bit pattern of the second byte of the instruction. 
-RLA m=0 Rotates ‘the contents of the accumulator A, n bits to the 
(Note 13) | n bit rotate left left. 
ie ene 
m=] 
n bit rotate Jeft 
erie 
ROL m=0 Links the accumulator or the memory to C flag, and rotates 
(Note 1) = ease th result to the left by 1 bit. 
{bis| ---| bo |+-[C] 
m=! 
Senne 
ee | + 
| 
ROR m=0 Links the accumulator or the memory to C flag, and rotates 
(Note 1) . ae result to the right by 1 bit. 
[c]+[ bis] [bo | a 
m=1 . 
Lo-fhl TH 
RTI S-S+1 Returns fromthe interruption routine. 40/11 
PS_+-M(S) 
S+-S+1 
PSy*+-M(S) 
S+S+1 
PC.+M(S) . 
S+S+1 
PCy*-M(S) 
| SSH 
| PG+-M(S) 
a a a5 + 
RTL ~-$+S+1 Returns from the subroutine. ‘The contents of the progtain 6B} 8} 1 
PC.+M(S) bank register are also restored. 
S+S+1 
PCy+-M(S) 
S+S+] 
PG-M(S) . 
RTS S+S+1 Returns from the subroutine. The contents of the program |60] 5 
PC,+-M(S) bank register are not restored. 
| S-S+1 oo 
PCy-M(S) 
eisai ee — 
SBC - Acc, C*-Acgc—M—C Subtracts the contents of the memory and the borrow from ES 
(Note 1,2) ia the contents of the accumulator, 
42 
E9 
aie ELECTRIC 
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lf restored the contents of PS, 
it becomes its value. And the 








other case is no change. 












































e Fae Pas Se alts e 








Value saved in stack. 
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Addressing mode 


Des Pie [we [a [om 







7 a a ee ee 
a ae es ee 


2 
x< 
9g 
a 


Es 
3 | 


Makes the contents of the specified bit in the memory “1”. 


| ISEC CH Makes the contents of the C flag “1”. | 
ser | I~] Makes the contents of the | flag “1”. 


sem [met Makes the contents of the m flag “1”. 
Can PSb+~1 | .| Set the specified bit of the processor status register’s low- 


er byte (PS_) to “1”. 


[elal[s| {8 | 














Stores the contents of the accumulator into the memory. 


of 
orn 


Pee eee ee 









Stops the oscillation of the oscillator. 





Transmits the contents of the accumulator A to the direct 
page register. : 











i as Ge Co ee eee ees es ee 





TAS SA | Transmits the contents of the accumulator A to the stack pointer. 


TAX . \ ‘| Transmits the contents of the accumulator A to the index 
| register X. | 


TAY YA _| Transmits the contents of the accumulator A to the index |A8| 2 
| register Y. | | 


TBD J Transmits, the contents of the accumulator B to the direct 





CR RS Sa AE ea a ae ee ee 
| RO RS 


page register. 





- 


































> 
n . 


TSA _- Transmits the contents of the stack pointer to the accumulator A 


TSB B+-S | Transmits the contents of the stack pointer to the accumu- 
i lator B. 








TBS | Transmits the contents of the accumulator B to the stack 42) 442 
pointer. 1B 
TBX | Transmits the contents of the accumulator B to the index [42/4 | 2 
register X. AA 
| TBY Transmits the contents of the accumulator B to the index |42/ 4 | 2 
register Y. Ag 
TDA | Transmits the contents of the direct page register to the |7B 211 hah 
accumulator A. | . ; 
TDB Transmits the contents of the direct page register to the [42/4 | 2 : ; 
accumulator B. 7B 


wf Ww 
| Sles|s| 











TXB B«-X Transmits the contents of the index register X to the accu- 
-| mulator B. - 


TSX X-S a Transmits the contents of the stack pointer to the index 2 : 
register X. . 

TXA A-X Transmits. the contents of the index register X to the accu- 8A} 2} 1 

is a HS -) mulator A. 


















| Transmits the contents of the index register Y to the accu- 
mulator A. . 


TXS Transmits the contents of the index register X to the stack |9A| 2} 1 
pointer. Oe 

TXY Transmits the contents of the index register X to the index |9B| 2 | 1 
register Y. |. 





mulator B. 





TYX iT . Transmits the contents of the index reg 
. register X. 


Transmits the contents of the index register Y to the accu- 2 








{wr - 
| XAB | - a 
a _ | tents. of the accumulator B. 


Y= wi 
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Symbols in machine instructions table 







Implied addressing mode 












sa 
A 
DIR 
DIR, b 
DIR, X 


‘Immediate addressing mode 





Accumulator addressing mode 





Direct addressing mode 




















Direct bit addressing mode . 
Direct indexed X addressing mode 











DIR, Y. Direct indexed Y addressing mode 

(DIR) Direct indirect addressing mode 

(DIR, X) Direct indexed X indirect addressing mode 
(DIR), Y Direct indirect indexed Y addressing mode 

L (DIR) ~ Direct indirect long addressing mode | 

L (DIR), Y Direct indirect long indexed Y addressing mode © 


ABS 
ABS, b 
ABS, X 
ABS, Y 
ABL 


Absolute addressing mode 







‘Absolute bit addressing mode 





Absolute indexed X addressing mode 





Absolute indexed Y addressing mode 





Absolute long addressing mode 















-ABL, X Absolute long indexed X addressing mode - 
(ABS) Absolute indirect addressing mode 
L (ABS) Absolute indirect long addressing mode 
(ABS, X) — \ | Absolute indexed X indirect addressing mode 


STK 
REL 
DIR, b, REL 
ABS, b, REL 
SR 

(SR), Y- 


| Stack addressing mode 





Relative addressing mode 





Direct bit relative addressing mode. 











Absolute bit relative addressing mode 






Stack pointer relative addressing mode 





Stack pointer relative indirect indexed Y addressing 
mode ” ' 



















BLK Block transfer addressing mode 
| Carry flag | 

zero flag 

Interrupt disable flag 


Decimal operation mode flag 





Index register length selection flag 






| Data length selection flag 
Overtlow flag 

Negative flag 

Processor interrupt priority level 
Addition 
Subtraction 

















| Multiplication 





Division 
Logical AND 
Logical OR 












Beds 


PC, 


PG 


DT 
DPR 
DPRy 


DPR. 


PS 


PSH 


PS. 
PSb 


~-M(S) 


Mb 

ADg 
ADy 
ADL 


Exclusive OR . 







Negation 
Movement to the arrow ‘direction 







. Accumulator 





Accumulator’s upper 8 bits 





Accumulator’s lower 8 bits 






Accumulator A 








Accumulator A’s upper 8 bits . 
Accumulator A’s lower 8 bits 
Accumulator B 







Accumulator B’s upper 8 bits 
-| Accumulator B’s lower 8 bits . 



























Index register X . 

Index register X’s upper 8 bits — 
Index register X's lower 8 bits 
Index register Y —— 
Index register Y’s upper 8 bits 
‘Index register Y’s jowels bits 
Stack pointer 

Program counter 

Program counter’s ‘upper 8 bits 
Program counter’s lower 8 bits 
Program bank register 

Data bank register 

Direct page register 

Direct page register’s upper 8 bits 
Direct page register’s lower 8 bits 
Processor status register 

Processor status register’s upper 8 bits 
Processor status registers lower 8 bits 
Processor status register’s b-th bit 


Contents of memory at address indicated by stack 
pointer 


) b-th memory location 

Value of 24-bit address’s upper 8-bit (Aos~Ai6) 
Value of 24-bit address’ s middie 8-bit (Ais~Ag) 
Value of 24- bit address’s lower 8- bit (A7~Ao) 
Operation code : 












Number of cycle 

Number of byte 

Number of transfer byte or rotation 
Number of registers pushed or pulled 
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The number of cycles shown in the table is described in case of the fastest mode for each instruction. The number of cycles shown in the table is 
calculated for DPR_=0. The number of cycles in the addressing mode concerning the DPR when DPR,+0 must be incremented by 1. 

The number of cycles shown in the table differs according to the bytes fetched into the instruction queue buffer, or according to whether the memory 
read/write address is odd or even. It also differs when the external region memory is accessed by BYTE="H”. 


Note 
Note 
Note 


Note 


Note 


Note 


Note 


Note 


Note 


1. The operation code at the upper row is used for accumulator A, and the operation at the lower row is used for accumulator B. 
2. When setting flag m=O to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments by 1. 
3. The number of cycles increments by 2 when branching. 


4. The operation code on the upper row is used for branching in the range of —128~+127, and the operation code on the lower row is used for 
branching in the range of —32768~+32767. 


5. When handling 16-bit data with flag m=0, the byte in the table is incremented by 1. 


6 


[Type ofregister | A | B | X | Y [DPR] DT | PG| PS | 
[Number ofcycles]} 2 | 2 | 2 | 2 | 2 | 1] i [2 | 


The number of cycles corresponding to the register to be pushed are added. The number of cycles when no pushing is done is 12. i, indicates 
the number of registers among A, B, X, Y, DPR, and PS to be saved, while i, indicates the number of registers among DT and PG to be saved. 





re 


| Type ofregister | A | B_ | X | Y | DPR| DT | PS 
[Number of cycles] 3 {| 3 [ 3 | 3 | 4 | 3 | 3 | 


The number of cycles corresponding to the register to be pulled are added. The number of cycles when no pulling is done is 14. i, indicates the 
number of registers among A, B, X, Y, DT, and PS to be restored, while i2=1 when DPR is to be restored. 


8. The number of cycles is the case when the number of bytes to be transfered is even. 
When the number of bytes to be transfered is odd, the number is calculated as; 
7+ (i/2) X7+4 
_ Note that, (i/2) shows the integer part when i is divided by 2. 


9. The number of cycles is the case when the number of bytes to be transfered is even. 
When the number of bytes to be transfered is odd, the number is calculated as; 


9+ (1/2) X74+5 | 
Note that, (i/2) shows the integer part when i is divided by 2. 


Note 10. The number of cycles is the case in the 16-bit+8-bit operation. The number of cycles is incremented by 16 for 32-bit 16-bit operation. 


Note 11. The number of cycles is the case in the 8-bitX 8-bit operation. The number of cycles is incremented by 8 for 16-bit X 16-bit operation. 


va \ 


Note 12.. When setting flag x=0 to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments by 1. 


Note 13. When flag m is 0, the byte in the table is incremented by 1. 
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DESCRIPTION 

The M37702E2-XXXFP, M37702E2AXXXFP and M37702E2BXXXFP 
are single-chip’ microcomputers designed with high- 
performance CMOS silicon gate technology. These are 
housed in a 80-pin plastic molded QFP. The features of 
these chips are similar to those of the M37702M2-XXXFP, 
M37702M2AXXXFP and M37702M2BXXXFP except that these 
chips have a 16K-byte PROM built in. 

These single-chip microcomputers have a large 16M bytes 
address space, 3-byte instruction queue buffers, and 2-byte 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. These microcomputers 
are suitable for office, business and industrial equipment 
controller that require high-speed processing of large data. 
Since general purpose PROM writers can be used for the 
built-in PROM, this chip is suitable for small quantity pro- 
duction runs. The M37702E2FS (8MHz version), M37702E2AFS 
(16MHz version) and M37702E2BFS (25MHz version) with 
erasable ROM that are housed in a windowed ceramic 
LCC are also provided. | 

The differences between the M37702E2-XXXFP, M37702E2AXXXFP 
and M37702E2BXXXFP are the external clock input fre- 
quency as shown below. Therefore, the following descrip- 
tions will be for the M37702E2-XXXFP unless otherwise 
noted. 


. External clock input frequency 


-M37702E2-XXXFP 8 MHz 
M37702E2AXXXFP | 












_16MHz 


M37702E2BXXXFP 25MHz 





DISTINCTIVE FEATURES 
_@ 


Number of basic instructions: wee c ecm c ere rss eersesesane Te eeeee 103 
@ Memory size PROM vrrvessretererre Seaiiewigenens 16K bytes 


. | RAM:::::: see neaee eee eeeeeeeeceseee es 512 bytes 
. @® Instruction execution time “ 
M37702E2-XXXFP | : 
(The fastest instruction at 8 MHz frequency) ---::*: 500ns 
M37702E2AXXXFP 

(The fastest instruction at 16 MHz frequency)---:-- 250ns 
M37702E2BXXXFP 

(The fastest instruction at 25 MHz frequency):*"": 160ns 


Single power supply eats spvenancmemnnsentensnenie at ONE OY 
@ Low power dissipation (at 8 MHz frequency) | 

Dest ene t eee eeenee eter teeteeeerene eee ns iWalala wrens oie seveeeeses BOmW (Typ. ) 
e Interrupts Miadicieeed tulnats pean Gum tenaea akan Aunpe eae 19 types 7 levels 
@ Multiple function 16-bit timer ----------- eee ene negate ecg 
@ UART (may also be synchronous) :177errrrrr 2 
@ 8-bit A-D converter «tt ce +++ 8-channel inputs - 
@ 12-bit watchdog timer : 
@ Programmable input/output | 


(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) sr 68 


PROM VERSION of M37702M2-XXXFP,M37702M2AXXXF P,M37702M2BXXXFP 


| PIN CONFIGURATION (TOP VIEW) 





[S]<+ P71/AN, 
+> P83/TxDo 


El 
ol 


64] <> P8,4/CTS,/RTS, 
+> P8</CLK, 
+> P8_/RxD, 

61 | +> P87/TxD, 

160} +> P0o/Ao 


+> P02/Ap 
_ [56] +> P0,4/A, 


> Ps /Ag 


JO 


151} +> P1,/Ag/Dg 
150 | <> P1o/Ato/D1o 
49} <> P19/Ay1/D14 


- ddxxxd¢csac0Zlew 

~dAXXXVCACOLZEW 
JO 

dAXXX-cAcOLZZEW 


+ P16/Aj3/D13 

. > Pl6/Ay4/D44 

P4./VDA* +> +> P17/Ay5/Di5 

P44/QCL” + +> P2/Ay6/Do 
P4,/MX* +> 

+> P2o/Ayg/Do 

+> P2s/Ai9/D3 


Ww 
Fa 
Ww 
8 
Ww 
EI 
S| 
oa 
WwW 
Si] 
w 
Ei 
w 
S| 


P3,/HLDA + 
P32/ALE ** 
P3,/BHE 
P39/R/W > 

P27/Az3/D7 +> 

P2.6/A22/De *” 

P25/Ao1/Ds ** 

+ P24/Ao0/D4 + 1S) 


Outline 80P6N 


* : Used in the evaluation chip mode only 


APPLICATION 

Control devices for office: equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers | | | 

Control devices for industrial equipment such as ME and 
NC, communication, and measuring instruments | 
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Data Bus(Odd) | 
. Address Bus 









Program Address Register PA(24) 








(24) 









) 





8 


f 
\ 





Incrementer (24) 
Arithmetic Logic 


Data Buffer DB,(8) 
Data Buffer DB, (8) 
Instruction Queue Buffer Qo(8) 
Instruction Queue Buffer Q4(8) 
Instruction Queue Buffer Qo(8) 
Data Address Register DA(24) 
Incrementer/Decrementer 
Program Counter PC(16) 
Program Bank Register PG(8) 
Data Bank Register DT 
Input Buffer Register 1B(16) 
Processor Status Register PS(11) 


on Direct Page Register DPR(16) 

eas Stack Pointer S(16) 

| +-T Index Register Y(16) 

Gorm index Register X(16) 

eam Accumulator B(16) | 
= ee oe 






on Lasay Eo ae Ny 
yndur- uonoe}es indu; e6eyOA (AG) (AO) (AO) —(A0) - (AG) _ -yndulyesay — —- yNdjno e;qeug yndyno 40/9 yndut 490|9 
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FUNCTIONS OF M37702E2-XXXFP 


Parameter 


103 





Functions 


Number of basic instructions | 
M37702E2-XXXFP, M37702E2FS 500ns (the fastest instructions, at 8MHz frequency) 


Instruction execution time M37702E2AXXXFP, M37702E2AFS 
M37702E2BXXXFP, M37702E2BFS 





250ns (the fastest instructions, at 16MHz frequency) 








160ns (the fastest instructions, at 25MHz frequency) 


16K bytes 


e . PROM , | 
emory size 


ioe oe3 PO~P2, P4~P8 
Input/Output ports a 


8-bitX8 
4 -bitX 1 








TAO, TA1, TA2, TAS, TA4 





16-bitX.5 





_ Multi-function timers 
TBO, TB1, TB2 





Serial I/O 





A-D converter 








Watchdog timer 





16-bitX 3 

(UART or clock synchronous serial I/O) X2 
8 -bitX 1 (8 channels) 

12-bitX 1 














| Interrupts 


| 3 external types, 16 internal types 


(Each interrupt can be set the priority levels to 0 ~ 7.) 





Clock generating circuit 


Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 








Supply voltage 


5 V+10% 





30mW(at external 8 MHz frequency) 





Power dissipation 


5V 





ass Input/Output voltage 
Input/Output characteristic 
Output current 





5mA 





Memory expansion 


| Maximum 16M bytes 





Operating temperature range — 


—20~85'C 





Device. structure 


CMOS high-performance silicon gate process 








7 M37702E2-XXXFP, M37702E2AXXXFP, M37702E2BXXXFP | 80-pin plastic molded QFP 





Package 





M37702E2FS, M37702E2AFS,M37702E2BFS | 80-pin ceramic LCC (with a window) 
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PIN DESCRIPTION (NORMAL MODE) 


Input/Output | : _ Functions 





_ Vee, Vss Power supply _ | Supply 5 V+10% to Vcc and 0 V to Vss. 





CNVsg input . 4 | Input This pin controls the processor mode. Connect to Vsg for aingle-chip: mode: 


‘| Reset input | To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 


quired time. 


Clock input Input These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
ee tween Xiy and. Xour. When an external clock is used, the clock source should be connected to the Xin pin 
Clock output . - Output and the Xour pin should be left open. 











Enable output Output .| Data or instruction read and data write are performed when output from this pin is “L”. 


BYTE Bus width selection input Input | In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
. 8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 




















| AVcc, AVss_ | Analog supply input Power supply for the A-D converter. Connect AVcc to Voc and AVsg to Vsg externally. 
VREF hi ‘Reference voltage input Input This is reference voltage input pin for the A-D converter. 
=f - 
PO ~ P07 1/O port PO 1/0 In single- chip mode, port PO becomes an 8-bit I/O port. An I/O directional register is available so o that 2acn 


pin can be programmed for input or output: These ports are in input mode when reset . 
Address(A7~Ag)is output in memory expansion mode or microprocessor mode. 





Pig~P17 — | I/O port P1 1/0 In: single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
S , memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
-(Dis~Dg)is input or output when E output is “L” and an address (Ajs~Ag) is output when E output is “H”. 
If the BYTE pin is “H” that is an external data bus is 8-bit. width, only address(Ais~Ag)is output. 


P29>~P27 ‘| I/O port P2 , 1/0 In single-chip’ mode, these pins have the same functions as port PO. In memory expansion mode or microp- |. ° 
. rocessor mode low-order data(D7~Do) is input or output when E output is “L” and an address(Azg~ Ag) is 
output when E veoh is “H”. 





P39~ P33 1/O.port P3 . I/O. ~ | In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
| roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 








-P49~P47 ‘| I/O port P4 VO | In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
| rocessor mode, P4p and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode,port P42 can be programed 
for ¢; output pin divided the clock to Xin pin by 2. In microprocessor mode, P42 always has the function as 


| a oe | ¢, Output pin. - 
1 | tee 


- PSgp~P57 I/O port PS 1/0 | In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
aa : | pins for timer AO, timer A1, timer A2, and timer A3.. 



































P6o~P67 _—‘| I/O port P6 T| 1/0. “i addition to having the same functions as port PO ‘in single-chip mode, these pins also function as 1/0 

a : pins for.timer A4, external interrupt input INTo, INT}. and INT» pins, and input pine for timer BO, timer B1, 
and timer B2. 

P79~P77 I/O port P7 1/0 - In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 


input ANo~AN7 input pins. P77 also has an A-D conversion tigger put function. 








P8 ~P87 ie port P8 1/0 In addition to to having the same AinGGAS as port PO in single- chip wiode, these pins also function as RxD, 
= TxD, EG CTS/RTS pins for. UART 0 and UART 1. 





ee re ® wirsuBisH 
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PIN DESCRIPTION (EPROM MODE) 


avn [pwn | emesis 
fom [venee | eet [Srmaievenempmrmmesrme 
fare [een | to (comnvrwnpmeemaim 
ae | 
Connect a ceramic resonator between Xin and Xout. 


Enable output Output Keep open. 


AVcc, AVss_ | A-D power supply Connect AVcc tO Voc and AVsgzg to Vs. 


Vrer Reference voltage input Connect to Vss. 








PO o~P0, Address input (Ap~ Az) Input Port PO functions as the lower 8 bits address input (Ag~A7). 


P19~P17 Address input (Ag~Aj4).| — Input Port P1o~P1¢ functions as the higher 7 bits address input (Ag~Aj14). Connect P17 to Voc. 


Data I/O (Do~D7) 1/0 Port P2 functions as the 8 bits data ug (Do~Dz7). 
P5, and P5» functions as OE and CE input pin. 


PSo~P57 Control signal input 
Connect P5o, P53, P54 and P55 to Vcc. Connect P5g and P57 to Vow: 
P69~P67 Input port P6 : input | Connect to Vgs. 











Connect to Vss. 


P7o~P77 Input port P7 
P8~P87 Input port P8& 








Connect to Vgg. 
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EPROM MODE : pS Connect the clock which is either ceramic resonator or ex- 
The M37702E2- XXXFP features an EPROM mode in addi- | ternal clock to Xin pine and Moar pin. 7 id : 
tion to its normal modes. When the RESET signal level is. . 

“L”, the chip automatically enters the EPROM mode. Table. Caution : 

1 list the correspondence between pins and Fig. 1 shows . Describing in this section, the built-in PROM can be written 
the pin connections in the EPROM. mode. - . to or read in the. same way as with the M5M27C256K 
When in the EPROM mode, ports PO, P1, P2, P5y, P5,, (256K mode). 7 | 
_CNVss and BYTE are used for the EPROM (equivalent to —- But in the future, for M37702E2BXXXFP and M37702E2BFS, 
the M5M27C256K). When in this mode, the built-in PROM == 1M mode way Peele standard. | ‘ 
can be written. to or read from using these pins in the same > 
way as with the MSM27C256K. , 

This chip does not have Device Identifer Mode, so that set 
the corresponding program algorithm. The program area 
- should specify address Oe are for the M37702E2- 
XXXFP. | 





[3 | ++ P89/CTSo/RTSo 
++ P8,/CLKo 
+ P83/TxDo 


iS 
oF 


Elbe P8/RxDo 


Dm 
8] 


PS] ++ P7,/AN;— 


—P79/ANo 64] +> P84/CTS,/RTS; 
P6,/TB2in pa . ag P8;/CLK, 
P6,/TB1in > +> P8./R,Dj; 
P6;/TBOn +> } +> P87/TxDj 

P6,4/INT2 ++ 
P63/INT, + 
P6./INTo 


P5¢/TA8oyr 
P5</TA2in + 
P5,/TA2our 


| ig P59/TA1 iy + 


+> P1o/Ag/Dg 

+ P1 1/Ag/Dg 

+ P15/Aio/Dio 

+> P13/A1,/Dy; 

> P14/Ayo/D49 

+> P15/A;3/D43 — 

> Pl 6/Ay4/Dy4 

+> P41 7/Ay5/D45 

pis P2o/A16/Dp ——— on) 
+> P2,/A,7/D3-——@D_ 
- P2,/A;3/Dg———— “0 
41 | —- P23/A19/D3—————o>. | 


CCE>———— P52/TAl our > 
CE P5, /TAOW 
-P50/TAQout > 

P4, > 

P4, > 

—P4, 
—P4, 
P4, + 
P4./h, + 

P4,/RDY 


= 
oO . 
baa | 
=~] 
©. 
NO 
m 
NU 
x< 
Os 
Tl 
a 





S| 
ol 
w 
S| 
Ww 
S| 
w 
ie) 


(07)——— P27/A23/D7 <> {5 


—P33/HLDA +> 
P32/ALE «> 
P39/R/W <> 


P49/HOLD + [f 


©g.>——— P2¢6/A22/Dg <> 
| Cos P25/An1/Ds, + 
(4)——— P24/A20/D4 ~~ S| 


* Connect to ceramic oscillation circuit. 


Outline B0PEN 4 : _ CO: Same functions as M5M27C256K. 





Fig. 1 Pin connection in 1 EPROM programming, mode 
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Table 1. Pin function in EPROM programming mode 


[| warroszanoxre | Mewa7o2seK 
Coe i eee 
[Vee | NVes, BYTE Vee 
ee i ee 


=o 


FUNCTION IN EPROM MODE 

Reading a | 

To read the EPROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Ap~Ay4) to be read and the 
data will be output to the 1/O pins Do~ D7. The data 1/0 
pins will be floating when either the CE or OE pins are in 
the “H” state. 









Writing 


To write to the EPROM, set the OE pin to a “H” level. The 


CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 


pins Agp~Aj,4, and the data to be written is input to pins Do ~ 


~D,. Set the CE pin to a “L” level to being writing. 


Erasing 
To erase data on this chip, use an ultraviolet light source 


_ with a 2537 Angstrom wave length. The minimum radiation © 


power necessary for erasing is 15W:s/cm?. 
(M37702E2FS, M37702E2AFS, M37702E2BFS) 


Program operation | 
AC ELECTRICAL CHARACTERISTICS (Ta=25+5C, Voo=6V=0. 25V, Vpp=12. 540. 3V, unless otherwise noted) : 


Symbol ; 


Parameter 


Voc 
Vpp 
Vss 
Ao 
Dom 
ee © = ees 


FAST PROGRAMMING ALGORITHM 

To program the M37702E2-XXXFP with fast programming 
algorithm, first set Voc=6V, Vpp= 12.5, and set the address 
to “0”. Apply a 1ms write pulse, check that the data can be 
read, and if it cannot be read OK, repeat the procedure, 
applying a ims write pulse and checking that the data can 
be read until it can be read OK. Record the accumulated 
number of pulse applied (N) before the data can be read 
OK, and then write the data again, applying a further three 
times this number of pulses (3XN ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc=Vpp=5V (or Voc=Vpp=5.25V). 


Table 2 I/O signal in each mode 


Data |1/O 





Output 
Floating 


Read-out 
Output. 
Disable 
Programming 
Programming 
Verify 
Program Disable 
Note 1: 














Floating 

















Output 











Floating 





An X indicates either V\_ or Vin. 





Test conditions 





Address setup time 








1 tees. OE setup time 





Data setup time 
' tan Address hold time 


Data hold timé 


Output enable to output float delay 


Veo setup time = 


tos . 










































CE initial program pulse width 


CE over program pulse width 
Data valid from OE 
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AC waveforms 


PROGRAM VERIFY | 


“™ oon 
| | | 


* Vi eee re ee 
Vin 3 

SHE DATA OUTPUT| 

DATA | (| "DATA SET ) VALID | 

: Es 


Vep 


Voc 
Vect! 


ie 


' 
1 B . , 
‘ 
b 


Vée 





Vin 


| Ve 


Vin 


ml 
m 


QO < 
m 8 
< 
. 9) 
o m 


- — topw 


Vin 


‘Fast programming algorithm flow chart 


START 


ADDR=FIRST LOCATION 


i i Vec=6. OV 
Vpp= 12. 5V 










PROGRAM/VERIFY FAIL [DEVICE] — 
ONE BYTE FAILED] 


~ {PROGRAM PULSE 
— OF 3Xms DURATION 






“PASS 


—{INCREMENT ADDR LAST ADDR ?: 
| + YES 
Vec=Vpp="5.0V ) >» - 
| VERIFY —~ FAIL DEVICE} | 
| ALL BYTEL— FAILED] 


PASS : eos 
- DEVICE PASSED 2 i *4.5SVoc=VppS5.5V | 


x 
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- SAFETY 


ae ie, 


(6) 


INSTRUCTIONS 

Sunlight and fluorescent lamp contain light that can 
erase written information. When using in read mode, be 
sure to cover the transparent glass portion with a seal 
or other materials (ceramic package product). 
Mitsubishi Electric corp. provides the seal for covering 


_ the transparent glass. Take care that the seal does not 


touch the read pins (ceramic package product). 

Clean the transparent glass before erasing. Fingers’ 
flat and paste disturb the passage of ultraviolet rays 
and may affect badly the erasure capability (ceramic 
package product). , 

A high voltage is used for writing. Take « care that over- 


voltage is not applied. Take care especially at power | 


on. 
The programmable M37702E2FP, M37702E2AFP and 
M37702E2BFP that are shipped in blank are also pro- 
vided. For 
M37702E2BFP, Mitsubishi Electric corp. does not per- 
form PROM write test and screening in the assembly 
process and following processes. To improve reliability 
after write, performing write and test according to the 
flow below before use is recommended. 


Writing with PROM writer | 


(Note) 














Screening 


(Leave at 150°C for 40 hours) 


‘Verify test with PROM wriwer 





[vce Fey, ea, woe ae Am oe eye ee 
i Function check in target device | 
L_ a COED Cs A cE 8 6ee ——— a a SE Eee =a I 
Note : Never expose to 150°C exceeding 100 hours. 


Use a fit IC socket to mountain the ceramic package 


product except for evaluation. Settle the ceramic pack- 
age in an IC socket with silicon resin and the like, 


surely. 


_M37702M2-XXXFP. 


the M37702E2FP, M37702E2AFP and. 


pane 
RO 
uae 


BASIC FUNCTION BLOCKS 


Since these processors operate in exactly the same way as 
the M37702M2-XXXFP, refer to the section on the 


ADDRESSING MODES | 

The M37702E2-XXXFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37702E2-XXXFP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR PROM ORDERING 
Please send the following data for writing to PROM. 

(1) M37702E2- XXXFP writing to PROM order confirmation 
form 

80P6N mark specification form 

(3) ROM data (EPROM 8sets) 





3411 
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ABSOLUTE MAXIMUM RATINGS 


ies ieee ee — 
Fv [pit ote RESET, Ove BYTE 


























Input voltage PO>~PO, P1o~P17, P2o~P27, P3y~P 3, 
V; ; P49~P4z, P59~ P57, P6o~P6;, P79~P77, , =(); 3~Vec +0. om : 
Vo _ | P4o~P4;, P5p~P57, P6y~P67, P7>~P77, a —0. 3~Voot0. 3 
P8)~P87, Xour, E 


P8o~P87, Vrer, Xin 
Output. voltage PO o~P07, Plo~P1 7 P29~P27, P39~P33, 

Pa ____| Power dissipation _ 

Topr Operating temperature , Ser 























Storage temperature 


Symbol Parameter 


Vcc Supply voltage 












: ee Analog supply voltage 


Vin 











Supply voitage 








Analog supply voltage 
High- -level input voltage PQ9~P07, P39>~P33, P49~P47, 
P59~P57, P69~P67, P79>~P77, 
P89 P87, Xin; RESET, CNVss, 
BYTE 
High-level input voltage P1p~P17, P29~P27 
(in single-chip mode) 
High-level input voltage P1o~P17, P29~ P27 
in memory expansion mode and 
microprocessor mode) 
Low- level input voltage POg~P07, P89~P33, P49~P4z, 
P5o~ P57, P6o~ P67, P7o~ P72, 
P8 >~P87, Xin, RESET, CNVss, 
BYTE | 
Low- level input voltage Ptp~P17, P29~P27 
(in single-chip mode) 















































Low-level input voltage Pl9p~P17, P29~P27, 
. ~ (in memory expansion mode and 
microprocessor mode) 










High-level peak output current P0p~P07, P1o~P1y, P29~P27, 
| P3o~P33, P4y~P47, PSp~P5r, 
P69~P67, P7>~P77, P89~P87 
ed -level average output current POg~P07, Plo~P17, P2o~P27, 
: P39~P33, P49~P4,, P5o~P57, 

_ P69~P67, P79>~P77, P89~P87 

Low-level Sek ne current P0g~P07, Plo~P17, P2o~P27, 
lou(peak) ~* P89~P33, P4o~P47, PSo~P5z7, 
. P69~ P67, P79~P77, P89~P8, 
Low-level average output current POp~P07, Plo~P17, P2o~P27, 
7 P3p~P33, P4y~P47, P5p~P5z, 
_ P6p~P67, P7p~P77, P89~P87 


| M37702E2-XXXFP, M37702E2FS 
M37702E2AXXXFP, M37702E2AFS 
M37702E2BXXXFP, M37702E2BFS 


Notel. Average output current is ; the average value of a 100ms interval. 

2. The sum of lou(peak) for ports PO, P1,.P2, P3, and P8 must be 80mA or less, 
‘the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lou(peak) for ports P4, PS, P6, and P7 must be 80mA or less, and 
the sum of: lou(peak) | for ports P4, P5, P6, and P7 must be 80mA or less. 



















lon(avg) 
























~ loucavg) 














#( Xin) External clock frequency input 
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M37702E2-XXXFP | 
ELECTRICAL CHARACTERISTICS (Voc=5V, Vss=OV, Ta=25, f(Xin)=8MHz, unless otherwise noted) 


: ; , Limits 































































































High-level output voltage PQ9~P07, Plo~P17, P29~P2z, 
P30, P3, P33, P4)~ P4,, 
Von V 
: P59~ P57, P69~ P67, P7o™~ P77, 
, P89~ P87 
; High-level output voltage PO9~PO07, Plp~P17, P29~P27, 
V lon=— 400A lh) Beg 
High-level output voltage P3 | alles Ev a Vv 
igh-level output voltage P3> 
lon= 400A 4.8 
; ea OH=—10mMA : 
Vou High-level output voltage E 400uA 4.8 ef 
OH SUU 4 . 
| | ee ee 
‘Low-level output voltage PO o~PO7, Pl9p~P17, P29~P27, 
P3o, P31, P33, P49~ P4,, ‘ : : 
Va. loL=10mA ; 2 
7 P59~P57, P6y~P67, P7>~P77, Cee eer : ‘i 
P89~ P87 tit 4 | L 
Low-level output voltage PQ 9~P07, Plgo~P17, P29~P27, 
VoL Pp g 0 7, Flo 7, P20 7 lo =2mA 0. 45 a Vv 
Po, P31, P33 - Pe al a ee 
Vv Low-level output voltage P3 ee : | 19 V 
ow-level output voltage aie 
OL p g 2 lop =2mA ‘ io 1 0.43 
7 hos = lop=10mA | 1.6 
VoL Low-level output voltage E = aa V 
| . loL-=2mA 0.4 
T a : 3 fs ads iceman 
eer Hysteresis HOLD, RDY, TAOjy~TA4in, TBOin~TB2in, 0.4 1 Vv 
aaa ae i INTo~INT2, ADtac, CTSo, CTS, CLKo, CLK; | ba i i 
Vr4—-Vy— | Hysteresis RESET . . 4 hime G2 | 0.5 V 
Vr4—Vr— | Hysteresis XIN | 0.1 y | 0.3 | V 
| High -level input current POo~ P07, Plo~P17, P29~P27, 
P39~P33, P49 ~P47, P59~P57, 
li Peer cet ye ee Vi=5V , | 5 uA 





P6)~P67, P7>~P77, P8y~P87, 





Xin; RESET, CNV¢zs, BYTE 









































7 sa : 
Low-level input current POg~P07, Pigp~P17, P29~P2;, 
‘ P30~ P3s, P49~P4z, P5o~ P57, : 
| V,;=0V 5 A 
ee ond 3 P6)~P67, P7o~P77, P8o~ P87, | : 7 
Xin, RESET, CNVgs, BYTE | . | 
Vram___| RAM hold voltage | When clock is stopped. ee | 2 |. — Vv 
. (Xin) =8MHz, G | 12 ei 
In single-chip mode | square waveform | 
Lae re - a 
. output only pin is Tg=25C when clock 
loc Power supply current -_ 1 
open and other pins | is stopped. | 
are Vss during reset. Ta=85°C when clock 20 He 


Symbol 


Parameter: 


Resolution 





Test conditions 


Vrer= Voc 





is stopped. 





Absolute accuracy 


Vrer= Voc 





RLappER 


resistan 
| Ladder esistance 


| Vrer= Voc 





tconv 


Conversion time 
ic 








.VREF 


‘Reference voltage 





Vin 





— 
ci 





Analog input voltage 




















313, 
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M37702E2AXXXFP | 
_ ELECTRICAL CHARACTERISTICS (Woo=5V, Vss=0V, Tans, esmioule unless otherwise noted) 


Limits 
Parameter a a ae Test conditions sr 
| tetematens 


‘High-level output voltage POg~P07, P19~P17, P29~P27, 
Po, P31, P33, P4o~ P47, 
P5p~P57, P6o~P67, P7>~P77, 
P8y>~P87 
Ag -level output voltage PQg~P07, Plo~P17, P2o~P2z, 
——— *P8o, P31, P33 


lox=—1 OmA 


lon=— 400A 





High-level output voltage P3, A00uA 
OH aele 


a lonx=—10mA 
garleve! SUNpUt eee E 
lon=—400uA 
Low- level output voltage PO9™P07,.P19~P17, P29~P27, 
P3po, P3, P33, P4y~ P4,, 
P5 o~ P57, P69~ P6y, P/o~P77, 
P8 o~ P87 
Low-level voltage PO9~ P07, Plo~P17, Regn eG 
P39, P31, P33 








lop =10mA 


lop =10mA 
loL=2mA 





INTo~INT2, ADtrg, CTSo, CTS;, CL Ko, CLK, 
Hysteresis RESET 
Hysteresis Xiy 
High-level input current POg~P07, P19~P17, P29~P2z, 
P39~ P33, P4g~P47, P5p~P57, 
P6)~P67, P7>~P77, P8o~P87, 
Xin, RESET, CNVsg, BYTE 
Low- level pul current PO >~PO,, Plo~P17, P2o~P27, 
P39~P3s, P4o~P4, P5p~P5z, 
P69~P67, P7>~P77, P8o~P87, 
Xin, RESET, CNVgg, BYTE 


aca RAM hold voltage: - , When clock is stopped. 
. | ; ae eee (Xin) =16MHz, 


An single-chip mode | square waveform 
output only pin is Tg=25°C when clock 
open and other pins | is stopped. 
are Vss during reset. | T,=85'°C when clock 

. | is stopped. | 


























Power supply current 




















| : a | Limits 
Symbol i 3 Parameter Test conditions : 
Resolution Seca tt | Vaer=V | : | © 


1 eee accuracy a Vrer= Vcc 


Ladder resistance ~ . ; | Vage=Veo - 
Conversion time 


Piece Reference voltage 
| Via Analog input voltage 
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M37702E2BXXXFP 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25°, f(Xiv)=25MHz, unless otherwise noted) 


Parameter Test conditions 





High-level output voltage POQ9~P07, P1o~P17, P29~P27, 
P30, P33, P33, P4p~P47, 
P5o~ P57, P69~ P67, P7o~P77, 
P: o~ P87 


nigh lover oulputwottage: POs 2h Gr Elomi tie Car PAte Na. canna | 
P39, P31, P33 
: lon=—10mA 3.1 
High-level output voltage P32 lon=—400uA 4.8 
3.4 


| | : © [Lon ==10mA Pepe 
High-level output voltage E 
lon=— 400A 2 eal eae 


Low-level output voltage POp~PQ7, Plo~P17, P2o~P27, 
P3o, P31, P33, P4o9~ P4,, 
P50~ P57, P69~ P67, P7o~ P77, 
P85~ P87 
Fvo. | Low-level output voltage PO9~P07, Ptp~P17, P29~P27, 


Vou 
VoL 
Vv 
E P35, P3;, P33 
VoL 
Vor 


lon=—1 OmA 














lo. =1 OmA 











lor =2mMA 





loL=1 OmA 
lol =2mA 


— . ; loL=10mA 
Low-level output voltage E 
; lop=2mA 
Ves—V Hysteresis HOLD, RDY, TAOijy~TA4in, TBO ~ TB2n, 
neg as INTo~INT2, ADrpc, CTSo, CTS;, CLKo, CLK; 
Hysteresis RESET 
Hysteresis Xin 


High-level input current POg~P07, Pigp~P17, P29~P27, 
P39~P3s, P4p~P4;, P5o~P57, 
P69~P67, P7p>~P77, P89~P87, 
Xin, RESET, CNVgs, BYTE 
Low-level input current POg~P07, Plg~P17, P29~P27, 
P39~ P33, P4g~P47, P59~ P57, V=0Vv 
P69~ P67, P7>~P77, P89~ P87, 
Xin, RESET, CNVgs, BYTE 


RAM hold voltage When clock is stopped. 
f(Xiw) =25MHz, 


In single-chip mode | square waveform | 
output only pin is Ta=25C when clock | 
open and other pins | is stopped. 
are Vss during reset. Ta=85 when clock 


is stopped. 


Low-level output voltage P32 














ro) 
O 
O 
O 
oO 
hie 








Power supply current 

















A-D CONVERTER CHARACTERISTICS (Vec=5V, Vss=0V, Ta=25C “0% y) =25MHz, unless otherwise noted) 


| Parameter ’ Test conditions | eee 

et Resolution ai Vrer= Voc _| ~—-38}-28 

fp Absolute accuracy | Vrer=Voc ' , hs eS 

| Riapoer | Ladder resistance oa 2 . | 10 | Ka | 

Conversion time . ae . 9.12 |. ws 

| Reference voltage : { 2 Voc 
Via 

























(jo) 























©. wrrsusisit ~, 6 = £2, 5 % ee 


Analog input voltage meee 0 . ‘ 





aa? i ig a SE ale gy eae, 


ee a “ ~ GRE FEET RES : MITSUBISHI MICROCOMPUTERS 
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~ TIMING. REQUIREMENTS | Vee 8VE10% Vss=0V, Ta=25C, unless otherwise ee 
- External clock input | 


Limits 
16MHz 


a eas 
Max, 





Parameter 














External clock input cycle time 








External clock input high-level pulse width 





External clock input low-level pulse width | 

















External clock rise time 




















External clock fall time 


Single-chip mode 





Limits — . 
16MHz | 25MHz | unit 
Max. Min. ‘Max. 


tsu(PoD—e) | Port PO input setup time . | 0 : = 7 aoc : ai -: 


[6 ff ne 
— [| 6 | ns 













' Symbol Parameter — 































tsu(p1D—e). Port P1 input setup time 








Port P2 input setup time 





tsu(p2D—E) 
tsu(p3p—e) "Port P3 input setup time 


ict OU is 










tsu(paD—e) 
tsu(psp—e) 
tsu(pep—e) 
tsu(p7D—e) 
tsu(psp—e) 
thc e—pop) 
th(e—P1pD) 
th(e—pep) 
th(e—psp) 


th(e—pap) 


Port P4 input setup time 
Port P5 input setup time 
Port P6 input setup time 
Port P7 input setup time 
Port P8 input setup time 
Port PO input hold time 
Port P1 input hold time 


Port P3 input hold time 
at Port P4 input hold time 


_ 60 

















Port P2 input hold time | 





60 





* 60 








| = 
3 e/8/alalz 
: , = | 
: — 3] 


cl 260 





- thce—psp) 


| Port P5 input hold time 








— th(e—pep) 


_{ Port P6 input hold time 








th(e—P7pD) 


__| Port P7 input hold time 


ce er car 











thce—pap) 





| Port P8 input hold time 





Memory expansion mode and microprocessor mode 


“Symbol 


all 


Parameter 


Seles isles 








Limits 











16MHz 








tsu(p1b— E) 


| Port P1 input setup time 








tsu(p20— E) See Port P2 input setup time 


tsu(apy—¢,) 


pee RDY input setup time 





tsu(HoLp—¢ 1)| HOLD input setup time | 








thceE—P1bD) » 


| Port P1 input hold time 





th(e—p2D) 


| Port P2 input hold time 











thi ;—RDY) 2 RDY input hold time 


th(¢4—HOLD) 





3-16 


HOLD input hold time 
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Timer A input (Count input in event counter mode) 


TAiiy input cycle time. 
| twcran) —__| TAin input high-level pulse width 
TAiwy input low-level pulse width 



















Timer A input (Gating input in timer mode): | 


TAiin input cycle time 
TAiwy input high-level pulse width 
TAiiy input low-level pulse width 


















Timer A input (External trigger input in one-shot pulse mode) 


TAiin input cycle time 
TAiwy input high-level pulse width 0 ro. 
TAin input low-level pulse width pd Ie a e803 









Timer A input (External trigger input in pulse width modulation mode) 


| | Limits | 
Symbol : Parameter | 16MHz 25MHz_ Unit 


TAiy input low-level pulse width 250 | L125 | 














OO. 
OQ. 





Timer A input (Up-down input in event counter mode) — 


a | oe SLs 3. | ca 
| Min, | Max. | Min. | Max. [ Min. | Max. | 


TAiour input ele ine | 5000 2500 000 [ns 
2500 [| 1250 















[uvcuen) | TAlourinput low-level pul with SSS asc nas | 000 
1000 et 
100 |) 500 | 





-thot,y-uP) TAigut input hold time 
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t 


Timer B input (Count input in event sainiar mode) 





' Parameter 


—— 











tco(tB) 


TBiy input cycle time (one edge count) 





tw(7TBH) 


TBin input high-level pulse width (one edge count) 





tw(tBL) 


| TBin input low-level pulse width (one edge count)’. 





tc(tB) 


TBiy input cycle time (both edges count) 





tw(TBH) 





TBiy input high-level pulse width (both edges count) - 





tw(TBL) 
Timer B i 


Symbol 


TBin input low-level pulse width (both edges count) 


nput (Pulse period measurement mode). 


Parameter 














. Limits’ 











8MHz 


16MHz 





Min. 


Max. | r Min. 





tc(TB) 


at : . 
| TBijn input cycle time 


1000 











twitBH) 


| TBin input high-level pulse width 


— 


500 





tw(TBL) 





TBin input low-level pulse width 


Timer B input (Pulse width measurement mode) 


Symbol 


Parameter 





oe 





500 








~ Limits 











16MHz 














te(tB) 


TBiy input cycle time 








TBijy input high-level pulse width 








A-D trigg 


Symbol 


TBijy input low-level pulse width 
er input 


Parameter 
































te(aD) 


+ 


ADraa input cycle time (minimum allowable trigger) 





tWiab_) 
Serial 1/O 


Symbol 





_ADtre input low-level pulse width 


Parameter 





Limits 











16MHz 


“25MHz 


4 





Min. | 


Max. 


1 





Unit 





te(ck) 


CLKj input cycle time 


200 i 


ns 





tw(ckH) 


[ek input high-level pulse width 


100: 


+ 


ns 





— twickr) 


CLKj input low-level pulse wid, 


j— 


100 


~— 


ns. 





td(c—a) 


| TxD; output delay time 


ns 





thic—a) 


| TxDj hold time | 


ns 





tsu(p—c) | 


RxDj input setup time 


wae 
+ 
T 


ns 





‘thic=p) 





RxDj input hold time — 


External interrupt INT; input 


Symbol . + 


Parameter 











Limits 














16MHz 





Min. 





“ns 





‘twany) 


INT; input high-level pulse width 


250 


| Max. 





twant) 





3-18 


INT; input low-level pulse width 





_ MITSUBISHI 
.ELECTRIC . 





1 > 250 
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SWITCHING CHARACTERISTICS (Voc=5V410%, Vss=0V, Ta=25C, unless otherwise noted) 
Single-chip mode | 


| Limits 
Symbol Parameter Test conditions - 16MHz 


| Stacepeayy 2! Port PO data output delay time 
Ictateseras | Port P1 data output delay time 
td(e—p2a) Port P2 data output delay time | 














Port P4 data output delay time 
Port P5 data output delay time 


td(e—p3a) Port P3 data output delay time 
Port P6 data output delay time 











td(e—p7aQ) Port P7 data output delay time 
td(e—psa) Port P8 data output delay time 

















Symbol 


td(poa—e) 
td(e—P1aQ) 
texz(e—P1z) 

-tdcpiA—e)’ 
td(p1a—aLe) 
td(e—p2q) 

_ tpxz(e—p2z) 
td(p2a—e) 
td(p2a—aLce) 
td(¢,;—HLDa) 
td(aLe—e) 
‘TW(ALE) 
td(BHE—E) 
td(R/w—e) 
td(e—¢4) 
—th(e—poa) | 
th(aLe—p1a) 
thce—p1a) 


tezx(e—P1z) 


Parameter 





Port PO address output delay time 

Port P1 data output delay time (BYTE=“L”) 
Port P1 floating start delay time (BYTE=“L”) 
Port P1 address output delay time 














Port P1 address output delay time 





Port P2 data output delay time 
Port P2 floating start delay time 
Port P2 address output delay time 





Port P2 address output delay time 





HLDA output delay time 





ALE output delay time 








‘ ALE pulse width 
BHE output delay time _ 








R/W output delay time 





¢, output delay time 

Port PO address hold time | 

Port P1 address hold time (BYTE=“L”) 

Port P1 data hold time (BYTE=“L”) 

Port P1 floating release delay time (BYTE=“L”) 

















th(e—pt1a) 
thc aLeE—p2a) 


thi e—p2a) 





Port P1 address hold time (BYTE=“H”) 
Port P2 address hold time 
Port P2 data hold time 








tezx(E—P2z) 
th(e—BHE) 


Ah(e—Rw) 





tw(eL) 


Port P2 floating release delay time 
BHE hold time 
R/W hold time 


E pulse width . | 











4 





















































CO 
Oo 














—_— | — 
O|oO 
oO;oO 





oO 
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PROM VERSION of M37702M2-XXXFP,M37702M2AXXXFP,M37702M2BXXXFP_ 


Memory expansion ‘mode and micr oprocessor mode (when wait bit = “0”, and external memory area accessed) 


| | a =, 7 ic a Limits | 3 | 
Symbol - Parameter Test conditions 8MHz . 16MHz Unit 


eos) eee 
Port P1 data output delay time (BYTE=“L”) 6 
Port P1 floating start delay time (BYTE="L”) | 
Port P2 data output delay time 

| Port P2 floating start delay time 

















110° 





— — 
NO No 











see 
>) oR) 


1 


45 
5 
45 

5 
0 


1 
5 


em 
NO Oo 


0 

5 
70 

5 

; . 


__ Max. 
Pe 
Lee 
ae 
ae 
a 
Sa 
Se 
fees 
he ead 
hears 
— 





, 


E 
HLDA output delay time 
ALE output delay time 
4) 
—P 


3 
S 
2 
3 
2 

22 
3 


0 
0 
4 
7 
4 

35 
0 

30 


ie) 
No 
op) 


3 
” 


e 
o>) 


; ; 
) 
ALE pulse width 
BHE output delay time Fig ; 10 
td(rR/w—e) R/W output delay time 


o1 

al 

ioe) 
st 
co 


20 


Oo 


¢1 output delay time . 
Port PO. address hold time 
Port P1 address hold time (BYTE="L”) 


= —_ — 
ol oO co) (-) 
ce) .s © Oo 





Port P1 floating release delay time (BYTE=“L”). 

Sse Re 
Port P2 data hold time | 3 — { so] | me | | a8 | ns | 
Port P2 floating release delay time : 
BHE hold time _ | 
R/W hold time 
E pulse width 


Port P1 data hold time (BYTE=“L”) 
























Fig. 2 Testing circuit for ports PO~P8, ¢, 
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TIMING DIAGRAM tr ty 


Port P8 input 





. We i. 
Single-chip mode ) jaa ae twin) at tw) 
— £(Xiny) | : & 
a EL 
— | tdie—poa) 
Port PO output x 
tsu(Pop—e) pasos 
~~ Port PO input thie—pop) 
aa td(e—piq) 
Port P1 output Xx 
tsu(p1p—e) pane 
fee 
Port P1 input thie—p1p) 
any td(e—p2aq) 
Port P2 output X 
tsu(p20—e) pas 
| ae 
Port P2 input thie—p2p) 
sa tdie—p3q) | 
Port P3 output B. 
tsu(p3p—e) 
Port P3 input mR thie—psp) 
aay td(e—paq) 
Port P4 output x 
tsu(pao—e) pons | 
ae 
Port P4 input thie—Pap) 
ia td(e—psa) 
Port P5 output a2 i) \ 
tsucpso—e) pas 
Port P5 input rs _ th(e—psp) 
. nag td(e—Pea) 
Port P6 output BD. 
‘tsu(peo—e£) ee 
_— | 
Port P6 input i “ thie—pep) 
nag td(e—p7a) 
Port P7. output xX 
tsu(p70—e) pe 
sy) . MAG oe . ‘ . ‘ : $ 
’ Port P7 input | \ - thie—p7) 
P| tdie—psa) 
Port P8 output By 
t = : 
| Su(P8D—E) — 
thie—psp) 
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te(ta) 


"  TAiy input 





: twcupn) 


TAiour input 


TAiour input , 3 
(Up-down input) ( 


In Event: counter mode 


TAiiy input 


(When count by falling) , th¢tmy—up)| tsuCuP—Tyy) 


- TAiyy input 
(When count by rising) | 


To(te) 


= TBiy input 





_ teick) 





CLK} 
















4 sa | ei - 9 thic—a) 
| i . | ~ | tulee e° thie D). 
RxD; ce 
twanL). 
INT; input | a | 
tWOINH) _ 
._ MITSUBISHI 





MITSUBISHI MICROCOMPUTERS 


M37702E2- XXXFP, M37702E2AXXXFP,M37702E2BXXXFP 
| M37702E2FS, M37702E2AFS, M37702E2BFS 


PROM VERSION of M37702M2-XXXF P,M37702M2AXXXFP,M37702M2BXXXFP 





Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


oy 


m| 
~ 


RDY input 


thi ¢i—roy) 


(When wait bit = “0”) 


va 


mij 
~ 


RDY input 


(When wait bit = “1” or “0” in common) 


$y 





th(¢;—HOLD) 





tsu(HoLp—¢;) 


HOLD input 





td(6,;—-HLDa) td(4,—HLDA) 





‘HLDA output 


Test conditions 
Voc= 5 V+10% 
: Input timing voltage : V\.=1. OV, Vin=4. OV 
* Output timing voltage * Vo_=0. 8V, Vou=2. OV 





Wee Oe 


MITSUBISHI MICROCOMPUTERS | 


ae /M37702E2- XXXF P. M37702E2AXXXFP. M37702E2BXXXFP | 
mas om a = -M87702E2E 5, M37702E2AFS, M37702E2BF Ss 
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Memory expansion mode ana seletepeaceacer mode (When wait bit="1”) 


- tw 
(Xin). 


by 


Port PO output 







(Ao~A7) = — . Saat ae 

| Sg ‘ed z eee So acide pia) +> tezx(e—P1Z). . 
Port P1 output a = <i Address 
(Ag~Ai5/De~D 5) 
(BYTE="L")  L tdteramave ‘la | | | 

mate ofot | Te hp 

(As~Ais) i 

(BYTE="H") - _ ! ma th(e—B1D) 

Port P1 input . - _ po “2 


on tater : ote —P2z) ee 
Address 


tsu(p20—E) 


—— thie—P20) , es 


(Aye~Az3/Do~D7) 


Port P2 output made if | 
td(p2a— ALE) 


Port P2 input 


tW(ALe) 


Port P3, output ne eo 


— (ALE) 
Reg td(sHE—e) 


-_(BHE) 


A ee eo a ee tdiaw-e) 
Port P3p output | 7 
(RW) | —_ | | 


_ Test conditions. 
co= 5 VE10% 
’ * Output timing voltage : Vo.=0. BV, Vou=2. OV 
‘* Ports P1,P2 input =: Vi, = 0. BV, Vinee: SV 


- Port P4, input I ViL=1. OV, Vin=4. OV 
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Memory expansion mode and microprocessor mode (When wait bit = “0”, and external memory area is accessed) 


f( Xin) 


td(poa—e) 


oe 


uA 
Es 


ie 


Port PO output Address 








(Ao~Az7) Fi S&S. 
thi ace—P1a) tezx(e—P1z) 
(Ag~ Ais/Dg~ Dis) Address me. (Address Address 
(BYTE=“L”) AN 
| td (P1A—ALE) a 5 
td(p1a—e) 

Port P1 output via pai 
eas ai) ae 
(BYTE="H") - 

| . pe th(e—p1D) 
Port P1 input | 

thiaLe— re tezx(e—P2z) » 
Port P2 output i) 
(Ayg~Ag3/Do~ D7) ‘ Address W\sata) Address 
LH Kets tsu(p2D—E) 
| td(p2a—e) thie-p2p) 
. tdipoa— ALE)| cl aan 
Port P2 input: a 
| | | tt 
Port P32 output ? 
(ALE) 


va E) 


(BHE) 


| : “a R/W—E) 
. R/W) 
(R/W) | 


Test conditions 

*Voo= 5 V10% © 

* Output timing voltage : Vo. =0. 8V, Voy=2. OV 
+ Ports P1, P2 input: Vy.=0. 8V, Vyy=2. 5V 
* Port P4, input > Vir=1. OV, Vin=4. OV 
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DESCRIPTION 


| The M37702E4-XXXFP, M37702E4AXXXEP and M37702E4BXXXFP 


are single-chip microcomputers ‘designed. with high- 
performance CMOS silicon gate technology. These are 
housed in a 80-pin plastic molded QFP. The. features of these 
chips are similar to those of the M37/702M4-XXXFP, 
M37702M4AXXXFP and M3/702M4BXXXFP except that these 
chips have a 32K-byte PROM built in. 


These single-chip microcomputers have a large 16M bytes © 


address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 


is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. These microcomputers _ 


are suitable for office, business, and industrial equipment 
controller that require high-speed processing of large data. 
Since general purpose PROM writers can be used for the 


built-in PROM, these chips are suitable for small quantity. 


production “runs. The M37702E4FS (8MHz version) , 
M37702E4AFS (16MHz version) and M37702E4BFS (25MHz 
version) with erasable ROM that are housed in a windowed 
ceramic LCC are also provided. 


The differences between M37702E4- XXXFP, M37702E4AXXXFP . 


and M37702E4BXXXFP are the external clock input frequen- 


cy as shown below. Therefore, the following descriptions ; 


will be for the M37702E4- -XXXFP unless otherwise noted. 


External clock input frequency 
~ {| M37702E4-XXXFP 
M37702E4AXXXFP 


_ |M37702E4BXXXFP | ~ 














The M37702E4-XXXFP has the same functions as the. 


M37702E2-XXXFP except 1 the EMO size. 


| FEATURES 
o Number of basic instructions:::ccsrceeec eect tt eect ete eees 103 
@ Memory size PROM vereeeeees eee eseeeeeeereesens 39K bytes 
RAM core rccceeeeeee Wie ood Sudetens aly * 2048 bytes 


@ Instruction execution time. 

_ M37702E4-XXXFP . a 
(The fastest instruction at. 8 MHz frequency) fecieee 500ns 
M37702E4AXXXFP 
(The fastest instruction at 16 MHz frequency): pales 250ns 
M37702E4BXXXFP 
(The fastest instruction at 25 MHz frequency) pate - 460ns 





PIN CONFIGURATION (TOP VIEW) 


CTSo/RTSo 


[3]+> P7,/AN, 


| | P8o/ 


P75/ANo + LL 
P67/TB2\y +> 


164} +> P8,/CTS,/RTS, 
63}+» P8./CLK, 

<*, P8._/RxD, 

{61 ind Per aPts 

160] P0o/Ao me 14 


~ P6s/TBOy +> C4 
P6,/INT. +> 


P62/INTy +> 
P6,/TA4,, +> [8 
P6o/TA4our + [2] 
P57/TA3,, + [10] 
P56/TA8 our +> [11 
P5s/TA2iy 
— P1,/Ag/Dg on 
+> P1,/Ag/Dg 
<< P15/A10/D19 
[49] +> P13/A,1/D3, 


P§3/TA1 in + 14] 
P52/TAlour +* : 

P5,/TAOQin > [16] ” 
P5o/TAQ gut + | : | + Pt 4/Ay9/D49 


d43XXXdrazoZZEw 

d4XXXVPvAZOZZEW 
dO 

d4XXX-vAZOZZEW 


P4,/DBC* ++ [ia + Pis/Ais/Dig | 
P4,/VPA* ++ [19 : 46) > Pig/Ay4/D14 
P4./VDA* +> . [45] +> P17/Ay5/D45 
+> P2o/Ay6/Do - 
~.Pdg/MX™ ++ [22] 7 ++ P2,/A,7/D, 
Pao/$ 1 +> [23] \ ss . [a] + P2,/Ay—/Dz 
P4,/RDY +> [24] . +> P23/A19/D3 


a 
a 
Ls 
uw 
w 
eS 
Ww 
LS] 
w 
nm 
Ww 
S| 
Ww 
is] 
ka 
oO 


P39/R/W 
P27/A23/D7 — 


P32/ALE ++ [8] - 
P3,/BHE <> 
P24/A29/D4 ++ (8) 


P4.9/HOLD._ ++ 
P33/HLDA + 
P26/Ao0/Dg + 
P25/Aa1/Ds —_ 


Outline 80P6N. 


*: Used in the evaluation chip mode only . 


APPLICATION 


Control devices for office equipment such as copiers, prin- 


ters, typewriters, facsimiles, word ae and personal 
computers 


. Control devices for industrial eanipment such as ME, NC, 


communication, and measuring instruments 


THE FUNCTIONS AND CHARACTERISTICS 
The M37702E4-XXXFP has the same functions and charac- 


~ teristics as the M37702E2-XXXFP except for the PROM and | 


RAM size. Refer to the section on the M37702E2-XXXFP. 


DATA REQUIRED FOR PROM ORDERING | 





Single power supply *:-7+:-7"s7e dete e eee ee eee ees 5V+10% . Please send the following data for writing to PROM. 
_ @ Low power dissipation (at 8 MHz frequency) 7 (1) M37702E4-XXXFP writing to PROM order confirmation 
L Adee eee nee e scene ene ee cane e nes eees ease esse essnenesesseesenes 30mW (Typ.) form: 
@ Interrupts crervrreerrecesereeeeetteec ee eeeceweee ee 19 types 7 levels (2) 80P6N mark sacultaation form 
@ Multiple function 16- bit TL (=) ec 5+3 (3) ROM data (EPROM 3sets) 
~@ UART (may also be synchronous) Sheree we Merde eawassie ounce awe y) . : 
— @ 8-bit A-D converter: ft - 8-channel inputs. 
@ 12-bit watchdog timer : : 
~@ Programmable input/output . 
ee PO, P1, P2, P3, P4, P5, P6, P7, PB) sesereeeseeee 68 : 
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, DESCRIPTION | 

~. The M837703E2-XXXSP, M37703E2AXXXSP and M37703E2BXXxSP 
are single-chip microcomputers. designed with high-perfor- 
mance CMOS silicon gate technology. These are housed in 
a 64-pin shrink plastic molded DIP. The features of these 
chips are similar to those of the M37703M2-XXXSP, 


M37703M2AXXXSP_ and M37703M2BXXXSP except that this chip. 


has a 16K-byte PROM built in. 

These single- chip microcomputers have a na 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 


is a 16-bit parallel processor that can also be switched to - 


perform 8-bit parallel processing. These microcomputers 


are suitable for office, business and industrial equipment 


controller that require high-speed processing of large data. 
Since general purpose PROM writers can be used for the 


built-in PROM, this chip is suitable for small quantity Bre 


duction runs. — 


The differences between M37703E2-XXxXSP, /'M37703E2AXXXSP 


and M37703E2BXXXSP are the external clock input fre- 
quency as shown below. Therefore, the following descrip- 
tions will be for the M37703E2-XXXSP_ unless otherwise 
nolee 


Type name External clock input frequency . 
M37703E2-XXXSP 


M37703E2AXXXSP 16MHz_ | 
M37703E2BXXxSP 25MHz. 











FEATURES 


e@ Number of basic instructions prewlaia steve Nis Denbawsiines ee teat 103 
®@ Memory size | PROM(one time) -1--:+--"-+-:--16K bytes | 


RNAse sarvneti tenn ise tur odie: paietens “612 bytes 
@ Instruction execution time 
M37703E2- -XXXSP 


(The fastest instruction at 8 MHz Foananey) See 500ns 


M37703E2AXXXSP 


PIN CONFIGURATION (TOP VIEW) 


AVoc Voc 
Veer > [2 : +> P8p/CTSo/RTSo 
AVss [3] +> P8,/CLKo . 
P7,/AN7/ADrrc ** [4] | Gi]++ P8,/RxDo 
| P7>/AN> + 60] +> P83/TxDo 
P7,/AN, 59] «+ P86/RxD, 
P7/ANg + mo | +> P8,/TxD, 
P65/TBOw + ++ P09/Ao 
~ P6,/INT? +> PO/Ay 
P63/INT, +> [BS] +* P02/Az 
P65/INTp + +> P03/A3 
P57/TA3in +> PO/Ag 
P56/TAS3our ++ P0;/As 
P5s/TA2iy 51] +> P0¢/Ag 
P54/TA2our + +> PO,/A; 
P59/TA1 ny + 49] +> P15/As/Ds 
~ P5e/TAlour ++ P1;/Ag/Do 
P5,/TAQw + + P12/Ai0/Di0 
P5o/TAQour + > P13/Ay1/D41 
P4,/DBC* + + P14/A42/D42 
P4./ $4 +> P15/Aq/Dig 
P4,/RDY = > P16/Ay4/Di4. 
P4,/HOLD + ++ P17/Ajs/Di5 
BYTE — 41] > P2o/A16/Do 
CNVsg 40] <> P2,/A17/D, 
RESET > 39} ++ P2,/A,2/D2 
+> P23/Aj9/D3. 
+> P24/Ao0/D4 
+> P2./Ao,/Ds 
++ P2¢/Az0/Dg 
P32/ALE +> [31] ++ P27/Ao3/D7 
P3,/BHE + ++ P3o/R/W 


- Outline 64P4B 


dSXXXZaS0/ZEW 
dSXXXVZIE0LEN 
ASXXX-ZIEOLZEW 


* : Used in the evaluation chip mode only 





APPLICATION 


Control devices for office equipment such as copiers, prin- 


ters, typewriters, facsimiles, word processors, and personal 





(The fastest instruction at 16 MHz vequeney) esas  250ns computers 
M37703E2BXXXSP | Control devices for industrial equipment such as ME, NC, 
(The fastest instruction at 25 MHz frequency):--~- 160ns communication, and measuring instruments ~ 
@ Single power supply -*f:17t errerrirere ie hanae 5V+10% a. | 
@ Low power alssipation (at 8 MHz frequency) 
_ encom ea enses Seastectegiarevseteatiateg theses 30mW (Typ.) 
@ Interrupts ce daianugacs ee 19 types 7 levels 
- @ Multiple function 16- bit timers Hees eee teeta 5+3 
@ UART (may also be synchronous) *1--777-77"77"" Co eae 2 
- @ 8-bit A-D converter <tr rrr 4-channel inputs 
@ 12-bit watchdog timer - | 
@ Programmable input/output 
~ (ports PO, P1, P2, P3, P4, P5, P6, P7, P8) --- pits geese 53. 
3-28 ate MTSUBISH 
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- Soyhg Z1S 
WVvY 





(QL)EWL Jou 


BOSC (91) Ha Jou 





Data Bus(Even) 
Data Bus(Odd) 


(Q|)2Vi sou) 





(9L)2GL sow] 











(QL)pWL Jou) 








= 






. Address Bus 





) 


16 


16) 


Arithmetic Logic 
Unit( 


Data Buffer DBy(8) 
Data Buffer DB,(8) | 
Instruction Queue Buffer Qo(8) 
instruction Queue Buffer Q4(8) 
Instruction Queue Buffer Qo(8). Kom = 
Incrementer (24) 
Program Address Register PA(24) 
Data Address Register DA(24) 
Incrementer/Decrementer (24) 
Program Bank Register PG(8) 
Data Bank Register DT(8) 
Input Buffer Register 1B(16) 
Processor Status Register PS(11) 
Direct Page Register DPR(16) 
Stack Pointer S(16) 
Index Register Y(16) 
Index Register X( 
Accumulator B(16) 
Accumulator A(16) 


Program Counter PC(16) 





Iola. i 
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FUNCTIONS OF M37703E2-XXXSP 


Parameter — Functions 





103 


M37703E2-XXXSP 500ns (the fastest instructions, at 8MHz frequency) 


Instruction execution time M37703E2AXXXSP 250ns (the fastest instructions, at 16MHz frequency) 





M37703E2BXXXSP 


-160ns (the fastest instructions, at 25MHz frequency) 


5 eae [PROM TK bytes 
Memory size = 
Ls at RAM | BI bytes 


Number of basic instructions -__ 


PO, P1, P2, P5 8 -bitX 4 
BES ee cre ern oa ee es Me 


Input/Output ports 
Pen eee 4 -bitX 3 


P4, P6, P7 
P3 | 3-bitX 1 © 


| TAO, TA1, TA2, TA3, TA4 © . 16-bitX 5 (4 Input/Output functions) 
Multi-function timers ACE 
Vn os | TBO, TB1, TB2 16-bitX 3 (1 Input function) : 
_ Serial 1/0 . . - | UARTX 2 (One can be set clock synchronous serial I/O. 
A-D converter. —_ 8 -bitX 1 (4 channels) 
Watchdog timer . = 12-bitX 1 


3 external types, 16 internal types . 
(Each interrupt can be set the priority levels to 0 ~ 7.) 





























interrupts 








Clock generating circuit | Built-in(externally connected to a ceramic resonator or quartz crystal resonator) 
Supply voltage Se et 5 V+10% : 











Power dissipation | 30mW(at external 8 MHz frequency) 


i Input/Output voltage . . 
Input/Output characteristic 
. i ote : ‘, Output current 5 mA {3 
| a i Maximum 16M bytes 


Memory expansion 




















Operating temperature range 7 aa —20~85C 





Device structure ‘| CMOS high-performance silicon gate process 


Package ? ; . ; . 64-pin shrink plastic molded DIP rat 
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PIN a leans (NORMAL MODE) 


— 
CNWVes input This pin controls the processor mode. Connect to Vsg for single-chip mode. 


RESET Reset input ais To enter the reset state, this pin must be kept at a “L” condition should be maintained for the required 
time. 


Clock output Output 
| Enable output Output Data or instruction read and data write are performed when.output from this pin is “2 


Bus width selection input 


Supply 5 V+10% to Voc and 0 V to Vgs. 















These are !/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xi and Xoyr. When an external clock is used, the clock source should be connected to the Xjy pin 
and the Xour pin should be left open. 















In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 





Analog supply input Power supply for the A-D converter. Connect AVcc to Vcc and AVsgs to Vss externally. 


Vrer Reference voltage input This is reference voltage input pin for the A-D converter. 





PO ~ P07 1/O port PO _ YO In single-chip mode, port PO becomes an 8-bit I/O port. An 1/O directional register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
| Address(A7~Apo)is output in memory expansion mode or microprocessor mode. 
Plo~P17 I/O port P1 1/O ‘| In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Dis~Dg)is input or output when E output is “L” and an address (Ajs~Ag) is output when E output is “H”. 
4 If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(Ais~Ag)is output. 


P29~P27 I/O port P2 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
; rocessor mode low-order data(D7~Dp) is input or output when E output is “L” and an address(Azs~ Ars) is 








output when E output is “H". 














I/O port P3 “In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 


roprocessor mode, R/W, BHE, and ALE signals are output. 














In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4) and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P4. can be programed 
for ¢, output pin divided the clock to Xin pin by 2. In microprocessor mode,-P42 always has the function as 
¢, Output pin. 





1/0 port P4 


P5p~P5, | 1/O portP5 V/O 
P6.~P6; | 1/O port P6 





In addition to having the same functions as port PO in single-chip mode, these pins also function as /O 
pins for timer AO, timer A1, timer A2, and timer A3. . 











In addition to having the same functions as port PO in single-chip mode, these pins also function as external 
interrupt input INTo, INT;, and INT2 pins, and input pins for timer BO. 





1/O port P7 In addition to faving the same functions as port PO in zngie: ‘chip mode, these pins also function as aneicg 
input ANo~AN2 and AN; input pins. P77 also has an A-D conversion trigger input function. 





1/O port P8 In addition to having the same functions as port PO in sinIecahiG mode, these pins also function as RxD, 
TxD, CLK, CTS/RTS pins for UART 0, and as RxD, TxD pins for UART 1. 
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PIN DESCRIPTION (EPROM ae ae 


a I inn . - _ | a _ . Bancione 
; Supply 5 V+10% to Veo and 0V to Vee. < | 

Vpp input | _ Input. — to Vpe when programming or veining 
ce Vpp input . - = Connect 3 Vpp when programming or verifing. 


RESET Reset input . ae | | Connect to Vss. 

















: Clock input "| Connect a ceramic resonator between Xin and Xour. 





Clock output. 


——— 








E | Enable output | Keep open. 





AVcc, AVss_ | A-D power supply . Sonieet AVcc tO Vcc and AVss to Ves. 





VREF Reference voltage input - | Connect to:Vgs. 


‘ 





P0o~P07 Address input (Ao~Ar) Port PO functions as the lower 8 bits address input oR 








 P1o~P17 Address input (As~Ar4) Port P19~P1.5 functions as the higher 7 bits address input (Ag~Aj14). Connect P17 to Voc. 


— 


P29~P27 Data I/O (Dp~Dy) | Port P2 functions as the 8 bits data bus Doe De 











P39~P32 | Input port P3 .{ Connect to Vss.. - 





P4o~P42, ‘| Input port P4 _ | Connect to Vss. 
P4, . | 





a pee wakes a 
PSo~P57 — ‘| Control signal input P5, and PS» functions as OE and CE input pin. 
Connect P59, P53, P54 and Bee to Vco. Connect P5g and i PS; to Vss. 
be : 
Input port P6 ip lis Connect to Sl 








Input port P7 — Connect to Vs. 





+ | io | 


Input portP8. | Connect to Ves. 
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EPROM MODE | 7 XXXSP. 

The M37703E2-XXXSP features an EPROM mode in addi- . Connect the clock which is either ceramic resonator or ex- 
tion to its normal modes. When the RESET signal level is ternal clock to Xiy pin and Xourz pin. 

“Ll the chip automatically enters the EPROM mode. Table . | 

1 list the correspondence between pins and Fig. 1 gives Caution : 

the pin connections in the EPROM mode. Describing in this section, the built-in PROM can be written 


When in the EPROM mode, ports PO, P1, P2, P5,, P5o, to or read in the same way as with the M5M27C256K 
CNVss and BYTE are used for the EPROM (equivalent to (256K mode). 

the M5M27C256K). When in this mode, the built-in PROM But in the future, for M37703E2BXXXSP, 1M mode may be- 
can be written to or read from using these pins in the same come standard. 

way as with the M5M27C256K. 

This chip does not have Device Identifier Mode, so that set 

the corresponding program algorithm. The program area 

should specify address 4000,.~7FFFi¢ for the M37703E2- 


AVoco 
Veer 
— AV sg 
P77/AN7/ADtRo ++ P8,/RxDy 
P7,/AN2 ++[5] | +> P83/TxDo 
P7,/AN, +> P8,./RxD, 
P7o/ANo | +> P8,/TxD, 
—P65/TBOin + +> P0o/Ao 7 
P6,/INT> . <> P0,/A, 
P63/INT, <> +> P0./A> 
P62/INTo +> +> P03/A3 
PS7/TASin cg > P04/A4 
P5¢/TA3qut +> P0s/As 
P55/TA2in +> P0,/Ag 
P5,/TA2our +> P07/A, 
P53/TAIin ++ P1o/Ag/Dzg 
(CE———P52/TAlour + Lt ++ P11/Ag/Dy 
COE) P5,/TAOin +> +> P15/A4o/Dig ———— a> 
P5o/TAQourt > ++ P13/A,,/D,;——@ 
: , + P14/A12/D,2 ——‘@ 
P4,/ $4 + > P15/A43/D;3—————a 
P4,/RDY + > P16/Ay4/D14————@ad 
P4/HOLD + +> P17/Ay5/Di5 , 


BYTE — ++ P29/A1,6/Dp ———_() 

eee ++ P2,/A,7/D3 ————-© 

; RESET > | | +> P2,/A13/D2-————‘@ 
«| cana , +* P2/Ayo/Ds———@) 
OSS == Kour +! ++ P24/A29/D4a————0) 
E+ [36] ++ P2./A,,/Ds——o) 

pad P26/Az»/De 


P3./ALE + Bij ++ P2,/Aj3/D7 ————-op> 
—P3,/BHE «> +> P3,/R/W 


lL 


| 





| 


it 





dSXXX-ZAS0ZZEW 





@ss) | | | * : Connect to ceramic oscillation circuit. . 
C) : Same functions as M5M27C256K: 
Outline 64P4B : | | 


Pin connection in EPROM programming mode 






Fig. 1 
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Table 1. Pin function in EPROM programming mode 


M37703E2-XXXSP__+ | M5M27C256K 





Veco | Voc 
Vpp : . CNVss, BYTE 
_Vss i ee Vss 




















Ports PO, Plo~Pt¢6 
Port P2 


Address input 
Data I/O 




















FUNCTION IN EPROM MODE 

Reading | hee ce 

-_ To read the PROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Ag~Aj4) to be read and the 


data will be output to the I/O pins Dg~ D7. The data I/O 


pins will be floating when either the CE or OE pins are in 


the “H” state. 


Writing 

To write to the PROM, set the OE pin to a “H” isvel The 
CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 
pins Aj~Ay4, and the data to be written is input to pins Do 
~Dz. Set the CE pin to a “L” level to being writing. 


Program operation 





* Note 1: 


FAST PROGRAMMING ALGORITHM 

To program the M37703E2-XXXSP with fast programming 
algorithm, first set Vec=6V, Vpp= 12.5, and set the address 
to “0”. Apply a 1ms write pulse, check that the data can be 
read, and if it cannot be read OK, repeat the procedure, 
applying a ims write pulse and checking that the data can 
be read until it can be read OK. Record the accumulated 
number of pulse applied (N) before the data can be read 


_OK,. and then write the data again, applying a further three 
~ times this number of pulses (3XN ms). _ 
_When this series of write operations is complete, increment 


the address, and continue to repeat the procedure above 
until the last address has been reached... 


Finally, when all addresses have been written, read with. 


Voc= Vpp=5V ( or Voc= Vpp=5.25V). 


Table 2. I/O signal in each mode 


Data 1/O 








Read-out 
Output 

Disable 

Programming 


Programming 
Verify 
Program Disable; Vin 


An X indicates either Vir or Vin. 


Output 
Floating — 
Floating 









































Floating — 


AC ELECTRICAL CHARACTERISTICS (Ta=25+5°, Voec=6V0. 25V, Vpp=12. 5-£0. 3V, unless otherwise noted) 


Parameter 





Test conditions 





Address setup time 





-| OE setup time 


{jj | 








Data setup time 


oa 





Address hold time 








| Data hold time ° 








Output enable to output float delay 


te ead 


—, 
Ww 
i=) 





Voc setup time | 


1 





“View setup time 


MIMPOIM/OINM]M/M]> | 





CE initial program pulse width 


ot 
on 
oO 





| CE over program pulse width _ 











Data valid from OE - 














as Sees rs eae 
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AC waveforms 
PROGRAM VERIFY | 
ie ea ee eel 
f  lT 
Vie | 


. taH 
Vin/Vou = , | 
DATA i DATA SET ) ( eas LD 
, Vpp ‘ panel |_| 


V H 
Voc 
| Veot} 
: Tim 

| Vin — 
Vir 
ue as ee | 


Voc 
| OE topw 
Vie 


ADDRESS 





Fast programming algorithm flow chart 


START 


ADDR=FIRST LOCATION 


Ve 


Vec=6. OV 
Vpp=1 2. 5V 








X=0 


PROGRAM ONE PULSE OF Ims- . Ae 
X=X+1 
YES _ 
PROGRAM/VERIFY FAIL | DEVICE ; 
ONE BYTE _, FAILED 


PASS . 







PROGRAM PULSE 
OF 3Xms DURATION 


LAST ADDR ? 


Dae eS 
Vcc=Vpp=* 5, OV 


—— VERIFY FAIL DEVICE 
ALL BYTE - ~~) FAILED} 
PASS v8 


{Device passed | *4,5SVoo=Vpp<5.5V 


INCREMENT ADDR 








9 ‘MITSUBISHH | ¢ See 
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CAUTION: UNITS. SHIPPED AS BLANKS 
The programmable M37703E2SP, M37703E2ASP and 


| M37703E2ESP that are shipped in blank are also provided.” 
‘For the M37703E2SP, M37703E2ASP and M37703E2BSP, 
Mitsubishi Electric corp. does not perform PROM write test — 


and screening following the assembly processes. To im- 
prove reliability after write, performing write and test 
according to the flow below before use is recommended. 


Writing with PROM writer 


Screening 


(Leave at 150° for 40 hours) 


Verify test with PROM writer 





Note :. Never expose to 150°C exceeding 100 hours. 


BASIC FUNCTION BLOCKS 


Since these processors operate in exactly the same way as 


the M37703M2-XXXSP, refer to the section on the 
, MSTLOGM EGR ~ | 


ADDRESSING MODES 

The M37703E2-XXXSP has 28 powerful addressing odes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37703E2-XXXSP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR PROM ORDERING 

Please send the following data for writing to PROM . 

(1) M37703E2-XXXSP writing to PROM order confirmation 
form . 

(2) 64P4B mark specification form for one time . PROM 

(3) ROM data (EPROM Ssets) : 
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ABSOLUTE MAXIMUM RATINGS | 


Symbol Parameter Conditions Ratings - Unit — 
Supply voltage . * O37 


Analog supply voltage 

Input voltage RESET, CNVss, BYTE —0. 3~12(Note1) 

Input voltage POp~P07, P1o~P17, P29~P27, P3o~P32, . = 
© Pdlg~Pdp, Paz, PSp~P5z, P6z~P6s, | | | —0.3~Vee+0. 3. 





P79~P72, P7,, P89~ P83, P8.6, P87, Vrer, Xin © 

‘Output voltage PO9~P07, P19p~P17, P29~P27, P3p~P32, 
P4g~P4p, P47, P5p~P57, P62~P6s, | —0. 3~Vect0. 3 
| P7o~P72, P77, P8o~P8s, P8s, P87, Xour, E | 
Power dissipation — - ee 2 oo Tag=25C 








Operating temperature 




















Storage temperature 


Note 1. Input voltage for CNVss and BYTE pins is 13V in writing to PROM. 


RECOMMENDED SEenalns CONDITIONS (Voo=5VE 5 %, Ta=—20~85°C, unless otherwise noted) 


Limits 


Symbol Parameter | 7 
Typ. .. Max. 


—_}——_ 


Supply voltage _ 7 : 5.0 | 5.5 


AVcc . Analog supply voltage Voc dh 





























Vss Supply voltage ; 0 

Analog supply voltage ; 0 

High-level input voltage P0p~P07, P3)~ P32, P4op~ P42, Pay, P5o~ P57, 

Vin P62~P6s, P7p>~P72, P77, P89 ~P83, P86, P87, 
Xin, RESET, CNVsg, BYTE: 














High-level input voltage P19~P17, P29~P27 
(in single-chip mode) 


| High-level input voltage P19~P17, P29~P27 (in memory 
Vin expansion mode and microprocessor mode) 
Low-level input voltage PO ~P0;, P39~P32, P4o~P4o, P47, P5o~P5z, 
Vin | P6.~P6s, P7p>~P72, P77, P89>~P8s, P8>, P87, 
Xi, RESET, CNVss, BYTE; 


Low- level input voltage P1g9~P17, P29~P27 
(in single-chip mode) 








= 
Low-level input voltage P19~P17, P29>~P27 (in memory 


expansion mode and microprocessor mode) 
High-level peek output current POg~P07, Pig~P17, P29o~P27, P3o~P3p, | 
lon(peak) —” P4o~P4p, P47, P5p~P5z, P62~P 6s, 
P79~P7o, P77, P8&o~P 8s, P8,, P87 
High-level average output current PQ o~PO07, Pig~Ptz, P29~P2,, P39 P32, 
P4o~P4p, P47, P5p~P57, P62~P6s, 
— P79~P7o, P7,, P89~ P83, P85, P87 
: . Low-level peak output current POg~P07, P1o~P17, P29~P27, P3p~P 32, 
lou(peak) | Pdg~Pdp, P47, P5g~P57, P62~P6s, 
P7p>~P72, P77, P89~P83, P86, P87 
Low-level average output current POg~P0;, P1o~P17, P2o~P27, P39~P32, 
lotavg) P4o~P4o, P47, P5y~P5z, Pb2~P6s, 
P79~P72, P77, P897~P83, P8¢, P87 
. | M37703E2-XXXSP | 
External clock frequency input M37703E2AXXXSP 
| | | M37703E2BXXXSP 




















~ lon vavg) 
































Note 2. Average output current is the average value of a 100ms interval. 
3. The sum of lo.(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less, » 
the sum of lon(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4,-P5, P6 and P7 must be 80mA or less, and 
the sum of lon(peak) '¢ for ports P4, P5, P6 and P7 must be 80mA or less. 
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M37703E2-XXXSP_ my _ FO oe 
ELECTRICAL CHARACTERISTICS | (Voo=5V, Vec=0V, Ta= 25°C, f(Xiy) =8MHz, unless otherwise noted) 


| | Limits 
Parameter Test conditions 


+3 . 





| High- -level utp voltage POo~P0;, Pto~P1y, P2y~P2, 
/ P30, P3;, P49~P42, P4z, 
P5o~P57, P62~P65, P7>~P72, 
P77, P89~P83, P8s, P87 
High-level output voltage POp~P07, P1g~P17, Reteonee 
P3o, BS 


lox= —10mA 


OH™ —400uA 








[lon=—10ma 
on= — 400K A 
| lon=—10mA 
lon=— 400A 





High-level output voltage P3, 








High-level output voltage E - 
Ds te 
| Low-level output voltage POo~P07, Plo~P17, P2o~P27, 
oo P3o, P31, P4o~P42, P4y, 
PSo~ P5z, P62~P6s, P7fo~P7o, 
P77, P89 ~P83, P8., P87 


| ee. 
’ | Low-level output voltage POg~P07, P19~P17, P29~P27, [- 
; ’ lop =2mA 
P30, P3; 





loL=10mA: 











‘a 


: Ve =10mA 
Low-level output voltage P32 


F top=2mA 
| lou= 10mA 
| tol 2mA 














Low-level output voltage E 











Hysteresis HOLD, RDY, TAQiw~TA3in, TBO, 
i: INTo~INT2, ADraa, CTSo, CLKo 
Hysteresis RESET 
Hysteresis XIN 
High-level input current P0,~POy, Pl9~P17, P2g~P2,, 
-P39~P3p, P4g~P4o, P4z, 
P5o~P57, P62~P65, P7>~P7., 
P77, P89 ~P83, P8¢, P87, 
| , Xin, RESET, CNVgg, BYTE _ 
Low-level input current P0g~P07, P19p~P17, P29~P2z, 
. | P39~P32, P4o~P 42, P47, 
P5y~P57, P62~P6s, P7o~P7z, 
P77, P89~P83, P8,, P87, 
Xin, RESET, CNVss, BYTE 























a | + 
RAM hold voltage a When lock is ee 





| (Xin) =8MHz, 

In aheieehien mode square waveform 
. ‘| output only pin is Ta=25C when'clock | 
; open and other pins Lis stopped. — | 
are Vss during reset. Ta=85 when clock. 


is stopped. 





Power supply current 


























Parameter | _ Test conditions 





| Resolution . — Vrer= Vcc 
a -| Absolute accuracy. sts io Vrer— Vcc 











Riapper | Ladderresistance : | Vrer=Voc 








tconv __| Conversion time 





Vac Reference voltage 











Via Analog input voltage 
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M37703E2AXXXSP 
ELECTRICAL CHARACTERISTICS (Voc=5V, Vss=0V, Ta=25C, f(Xin)=16MHz, unless otherwise noted) 


Symbol Parameter Test conditions 
Typ. Max. 


High-level ee voltage POo~P07, P19~P17, P2>~P2;, 
P3o9, P31, P4o~P42, P47, 
P59~ P57, P6.~P6s, P7o~P7o, 
P77, P89~P83, P8., P87 

a -level output voltage PO9~ P07, Plo~P17, P2o~P27, 
P3po, P3, 








lon= — 400A 











on=—10mA 
lon=— 400 uA 
lon=—10mA 
lon=— 400A 


High-level output voltage P32 








High-level output voltage E 





Low-level output voltage PO 9~P07, Plo~P17, P29~P27, 
| P39, P31, P4>~P42, P4z, 
P5o~ P57, P6.~P6s, P7o~P7o, 
P77, P89 ~P8s, P8., P87 
Low-level output voltage PQ o~P07, Pip~P17, P29~P27, 
P39, P3, 


lop =10mA 











loL=2mA 








loL-=10mA 
loL=2mA 
lop =10mA 
loL-=2mA 





Low-level output voltage P3, 














Low-level output voltage E 








Hysteresis HOLD, RDY, TAQy~TA3n, TBO, 
INTo~INT2, ADtRc, CTSo, CLKo 
Hysteresis RESET . 
Hysteresis Xin 
High-level input current POg~P07, Plo~P17, P29~P27, 
P3o9~P32, P4g~P4o, P47, 
P5o9~P57, P62~P6s5, P7p>~P72, 
P77, P89~P83, P86, P87, 
Xin, RESET, CNVgs, BYTE 
Low-level input current POo9~PO07, Plo~P17, P29~P2z, 
P39~P32, P4g>~P4o, P47, 
P5y~P57, P6:~P6s, P7o~P7o, | 
P77, P895~P83, P86., P87, . 
Xin, RESET, CNVss, BYTE : 
RAM hold voltage | When clock is stopped. i 2 
| £04) =16MHz, 
In single-chip mode | square waveform 
output only pin is Ta=25'C when clock - 
open and other pins | is stopped. 
are Vsg during reset. Ta=85C when ci 
























































Power supply current 























is stopped. 













Test conditions 












Resolution: 








Vaer=Voc | dt | res 
Vrer=Vec el +3 Pos LSB 


Vrer=Voc 









, Ladder resistance 
Conversion time 


Reference voltage 4 . 
[Va Analog input voltage : . 





Absolute accuracy 
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_M37703E2BXXXSP | 
ELECTRICAL CHARACTERISTICS. (Voo=5V, veers Ta= 25°, f(Xin) =25MHz, unless otherwise noted) 





Parameter. 2 _ Test conditions 





High- -level output voltage POg~P07, P19~P17, P2)~P2y, 
P39, P31, P4g~P4o, P4z, 
; P5o~ P57, P6,~P6s, P7o~ P7o,. 
P77, P8)~P83, P85, P87 
High-level output voltage P0)~PO,, Plo~P1y, P2o~P2r, 
Po, ES 
mar | =—10mA > 
High-level output voltage P3, | "(os 
| | lon=— 400A 


| lox=—1 OmA ° 





Dias —400uA . 














————— 





High-level output voltage E 
- | Jon= —400UA 





Low- level output voltage PQo~P07, Pip~P1z,: P2o~P27, 
- P89, P31, P4g~P4e, P47, 
P5o~ P57, P60~P6s, P7o~P7o, 
i ¢ P77, P8>~P83, PB, P87 + a 
Low-level output voltage POp~P0;, P19~P17, P29~P2z, | 
— P8po, P3y 


{_ 45 
ad lop =10mA 
Low-level output voltage P3, si 


lo= 1 OmA | 





eS 
loL-=2mA : 








loc =2mA 
: loc=] OmA 








Low-level output voltage E 
3 lop=2mA 


| 








Hysteresis HOLD, RDY, TAQw~TA3n, TBO, ' 
= -INTo~INTo, ADree, CTSo, CEKo 2 
| Hysteresis RESET zl 
Hysteresis Xn - , i 
Hohe level input current POg~PO07, Plo~P17, P29~P2z, 

P39~ Pe, P4p~P42, P4,,: 
P5o~P5r, P62~P6s, P7o~P7o, 
- P77, P89~P83, P8., P87, 
fh — Xin, RESET, CNVss, BYTE 


—- 

















Low-level input current POg~P07, P1o~P17, P29~P27, 
% ve P39>~P32, P4yg~P 40, P47, 
i | —. PSg~P57, P62~P6s, P7o~P72, 
| . P77, P8y~P8s, P8¢, P87, 
Xin, RESET, CNVgs, BYTE 
Vram au hold voltage . - oi | When clock is stopped. 








(Xin) =25MHz, 
In single-chip mode square waveform = 
output only pin is Ta=25C when clock 
| open and other pins is stopped. Soul! 
are Vss during reset. Ta=85'C when clock 


is stopped. 





Power supply current 


























‘Limits’. | 
Typ. os 





Symbol > . Parameter | | | ’ Test conditions 





— | Resolution Hv: | 3 | Vace™=Voco 





it 
aa Absolute accuracy Vrer=Vec. 





Rriapper | Ladder resistance . ms . Vrer=Vec ° 





“tconv | Conversion time 





LL 

+- 
| 
| 


Vrer Reference voltage | 

















Via ' | Analog input: voltage 
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TIMING REQUIREMENTS | (Vec=5V410%, Vss=0V, Tg=25C, unless otherwise noted) 
External clock input | 


Parameter 


External clock input cycle time 

External clock input high-level pulse width 
External clock input low-level pulse width 
External clock rise time 














External clock fall time 


Single-chip mode 


Symbol Parameter 


Port PO input setup time | 

Port P1 input setup time 
miceeese) 200 | 

tsu(pap—e) | Port P4 input setup time . 200 

tates) 200 





tsu(pop—e) 
tsu(e1D—e) 






























Parameter 


win, | Mex 
eee 
heen ee eine 
Ptsuinov—9,)|RDYinputseuptime | | Hs 
HOLD input setup time a 70 eed 

Port P1 input hold time : 9 


ne 
poe pp | 
a 
aes a 

eS 














| HOLD input hold time 7 . ae ee 
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Timer A input (Count input in event counter mode) 


a 





Parameter 











ec TAiiy input cycle time 











tw( TAH) TAin input high-level pulse width 














tw( TAL) TAiiy input low-level pulse width 





Timer A input (Gating input in timer mode) 
. Limits 
' Parameter ; . . cay 16MHz 











tr eRe Ge : 
te(ta) — . | TAiyy input cycle time 





tw (TAH) TAiin input high-level pulse width 


























twitaL) - | TAiin input low-level pulse width 





Timer A input (External trigger input in one-shot pulse mode) 


Limits 





Symbol Parameter | 16MHz 


I: Max. | 
pe. 


+— 

















a | TAiin input cycle time 
TAijn input high-level pulse width 























TAiw input low-level pulse width 


Timer A input (External trigger input in pulse width modulation mode) » 


~ Limits 














~ Symbol . | Parameter 16MHz 


—- 


tw (TAH): | Tain input high-level pulse width 




















| TAiyy input low-level pulse width — 


Timer A input (Up-down input in event counter mode) 





. Symbol ; ‘ . Parameter’ 








te(up) | TAiout input cycle time 








. testis) _| TAiout input high-level pulse width 








twoupL) |_TAiour input low-level pulse width 





TAiour input setup time: 























TAiout input hold time 
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Timer B input (Count input in event counter mode) 






Limits 







Symbol Parameter 

















ji TBOww input high-level pulse width (one edge count) 125 | 40 | | ns | 





TBO input cycle time (both edges count) 500 
TBOww input high-level pulse width (both edges count) 
TBO, input low-level pulse width (both edges count) 2 











Timer B input (Pulse period measurement mode) 





— Symbol Parameter 


tco(TB) TBOw input cycle time 








tw(tTBH) TBOn input high-level pulse width 

















tw(TBL) TBO input low-level pulse width 


“” 


Timer B input (Pulse width measurement mode) 





| ae Limits 
Symbol | Parameter 16MHz 


TBO input cycle time 
TBO input high-level pulse width 
TBO, input low-level pulse width 


A-D trigger input 


























Limits 





Parameter 16MHz , 25MHz 








Max. Min. | Max. 


tetany. i ADyre input cycle time (minimum allowable trigger) | 1000 
ADrrg input low-level pulse width . 125 























tw(aDL) 


Serial 1/0 


Limits 





. ae 
Symbol Parameter bes 16MHz 


Min. Max. 
toian _ | CLKo input cycle time © 250 














| 
twicKH) CLKg input high-level pulse width go. yx ° 125 





twiene CLK, input low-level pulse width = Toe ee eee 5. 125 | 


—— 





tdic—a) TxD output delay time 





thic—a) TxD hold time oe | 30 


tsu(p—c) RxDp input setup time 


























thic—pb) RxDpo input hold time 


External interrupt INTj input 
| | 4 Limits — | 
Symbol | | Parameter. | | 16MHz =| 25MHz 




















: Min Max. Min 
twink) INT; input high-level pulse width ; 250 
tWUNL) INT; input low-level pulse width | 250 
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) 


SWITCHING CHARACTERISTICS (vec=sv+10% Ves=0V, Tg=25C, unless otherwise noted) 
Single-chip mode | a | 























td(e—P1Q) 
. tdte—p2a) 


td(eE—p4q) 
td(e—p5aQ) 


td<e—psa) 





Parameter 


| 
| 
Port P3 data output delay time : 
Port P5 data output delay time 
Port P6 data output delay time . 


' 


Test conditions 


Limits 





Memory expansion mode and microprocessor mode (when wait bit = “1”) 





td(poa—e) 
td(e—pP1aQ) 


texz(e—p1z) 


td(pia_ate) | Port P1 address output delay time | 
_ td(e—p2aq) Port P2 data output delay time 


‘ tpxz(e—pez) 


td(p2a—e) 


Parameter 


Port PO address output delay time 


Port P1 data output delay time (BYTE=“L”) 
‘Port P1 floating start delay time (BYTE=“L”) 


Port P1 address output delay time 





‘ Port P2 floating start delay time 
Port P2 address output delay time 


Port P2 address output delay time 


td(aLe—E) 


tW(ALe) 


R/W output delay time 


ALE output delay time 
ALE pulse width 


Test conditions 





¢, output delay time 
Port PO address hold time 


Port P1 address hold time (BYTE="L”) 
Port P1 data hold time (BYTE="“L”) 


tpzx(e—p1z) 


tpzx(E—p2z) 
th(e—BHE) 


thie—R/w) 


 tdieHe—e) | BHE output delay time 


Port P1 floating release delay time 


thce—pia) _ | Port P1 address hold time (BYTE=“H”) . 
thcaLte—p2a) | Port P2 address hold time . 
thi e—p2a) 


Port P2 data hold time 

Port P2 floating release delay time 
BHE hold time | 
R/W hold time 





: tW(eL) E pulse width aa . ea 


(BYTE="L”) 











Limits 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area accessed) 


Symbol 


Parameter 





td(poa—e) 
td(e—Piaq) 
. tpxz(e—P1z) 
td(pia—e) 
td(p1A—ALE) 
td(e—p2q) 
texz(e—p2z) 
td(p2a—e) 
td(p2a—aLe) 
td(aLeE—e) 





Port PO address output delay time 

“Port P1 data output delay time (BYTE=“L”) 
Port P1 floating start delay time (BYTE="L”) 
Port P1 address output delay time 
Port P1 address output delay time 
Port P2 data output delay time 
Port P2 floating start delay time 








Port P2 address output delay time 





Port P2 address output delay time 





ALE output delay time 





tW(ALE) 





ALE pulse width 





td( BHE—E) 


BHE output delay time 





td(R/w—e) 


R/W output delay time 





tdie—¢ 4) 





| ¢, output delay time 





th(eE—Poa) Port PO address hold time 








thiace_p1a) | Port Pt address hold time (BYTE="L") 








thcie—PiaQ) 


Port P1 data hold time (BYTE=“L”) 


a aE | 


ae 





tpezx(e—P1z) 


Port P1 floating release delay time (BYTE=“L”) 





th(e—P1A)’ 





Port P1 address hold time (BYTE=“H”) 





~ th(ace—p2a) 


Port P2 address hold time 


ae 





th(e—p2q) 





Port P2 data hold time 





tpzx(E—P2z) 





4 





th( E—BHE) 


BHE hold time 








Port P2 floating release say time 








thce—R/w) 


R/W hold time 








tWw(eL) 








£E pulse width 


Fig. 1 Testing circuit for ports PO~P8; ¢, 


Test conditions 





Limits 
































a] 
” 
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a 
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TIMING DIAGRAM ae ee 


mi 


ang -td(e—poa) 
Port PO output |X 
_ tsu(pop—e) 
Port PO input i  thce—pop) 
aig td(e—P1a) 
‘Port P1 output y 
tsu(PiD—e) pa 
5 | BA 
Port P1 input s\ th(e-p1p) 
ig td(e—p2aq) 
Port P2 output BD 
tsu(p2p—e) 
‘Port P2 input | LJ th(e—p2p) 
td(e—p3a) 
Port P3 output | X 
tsu(p3D—e) = 
Port P3 input - | th(e—psp) 
— ] td(e—p4a) 
- Port P4 output | Xx | 
| tsu(p4p—e) ss iP 
Port P4 input. be th(e—pap) 
td(e—psa) 
Port P5 output > \ 
tsu(psp—e) 
Port P5 input i th(e—Psp) 
Port P6 output |X 
tie ; 
Port P6 input ee — thce—pep) | 
td(e—pva) 
Port P7 output 1X 
7 tsu(p7>— E) poem _ 
- Port P7 input | \ th ; 
| E—P7D 
| | td(e—psa) 
Port P8 output — AW 
_ tsu(psp—e) pei 
Port P8 input mv thee— P8D) 
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to(Ta) 


TAiin input 


TAiout input 





TAiour input 
(Up-down input) . 


in Event counter mode 


TAin input 


‘(When count by falling) 
Ee lena 
(When count by rising) 











TBO input 


ADrag input 


CLKo 


TxDo 





2) SEER hee 


RxDo 


tWw(INL) 








INT; input 


~ two) 
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Y 4 ; 
Memory expansion mode and microprocessor mode. 


‘(When wait bit = “1”) 


?4 


RDY input 


(When wait bit = “0”) 


a 


RDY input 


(When wait bit = “1” or “O” in common) 


oy 






_ tsu(HoLo—¢'4) th(¢ HOLD) 


HOLD input 


Test conditions 


*Voc= 5V+10% — 


* Input timing voltage * Vi.=1. 0V, Vin=4. OV 
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Memory expansion mode and microprocessor mode (When wait bit = “1”) 


7 tr tc 


. =e 


(Ag~Az) : 

th( aLe—pPoa) 
na to a) me 
(Ag~Ai5/Dg~ Dis) eee, MN 


(ete soar 
td(p1a—e) 
thie PIA) 


(Ag~Ais) 
(BYTE=“H’") -—| th(e—p1p) 
Port P1 input ; 


th(aLe—p2a) _ tezx(e—p2z) 


aoe = aa sasine hs 


ai = tsu(p2D—E) 
(Aig~Az3/Do~ D7) | tdcpoa—ave) | tdcpoa—ave) 
th(e—p2q) -—+— 
Port P2 input — 
| = 
Port P32 output 
(ALE) 


tw.) W(H) im 


i Kin) 


$y 


aie 


texz(e—P1z) 


fl 


_ Address 









wer 


a 





4! 


th(e—p2p) 


td(BHEe—-e) 
i 7 
(BHE) : 

td(r/w-e) 
POE Sa output | | : 


(R/W) 


Test conditions 
Voec= 5 V410% 
* Output timing voltage > Vo. =0. 8V, Vou=2. OV 
: Port P1, P2 input > Vi =0. 8V, Vin=2. 5V 
* Port P4, input > Vit=1. OV, Vip=4. OV 
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Memory expansion mode and microprocessor mode (When wait bit = “0”, and external memony area is accessed) 


(Xin) 


by 


mi 


Port PO output 
(Ag~ Az) 
tezx(e—P1z) 
Port P1 output 
(Ag~ Ais/De~ Dis) 
(BYTE="L”) 


Address 


Port P1 output 
(Ag~Aj5) 
(BYTE=“H”) 
th(e—p1p) 





Port P1 input 


| . hare n B tezx(E—P2z) 






(Aie~Ao3/Do~D7) b Mi ress 


| ae td(p2a—ALe) 
Port P2 input | . 
7 tw(ALe) i 
Port P3. output 4 | | fe 
(ALE) “g 4 ds 


Port P3, output 
(BHE) 





Port P3, output 
(R/W) 


Test conditions 

*Voo= 5 V+10% | 

* Output timing voltage : Vo. =0. 8V, Vow=2. OV 
- Ports P1, P2 input —_: V;,=0. 8V, Vind. 5V 

* Port P4; input Vii=1.0V, Vi4y=4. OV 
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DESCRIPTION 

The M37703E4-XXXSP, M37703E4AXXXSP and M37703E4BXXXSP 
are single-chip microcomputers designed with high-perfor- 
mance CMOS silicon gate technology. These are housed in 
a 64-pin shrink plastic molded DIP. The features of these 
chips are similar to those of the M37703M4-XXXSP, 
-M37703M4AXXXSP and M37703M4BXXXSP except that 
these chips have a 32K-byte PROM built in. 

These single-chip microcomputers have a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. These microcomputers 
are suitable for office, business and industrial equipment 
controller that require high-speed processing of large data. 
Since general purpose PROM writers can be used for the 
built-in PROM, these chips are suitable for small quantity 
production runs. 

The differences between M37703E4-XXXSP, M37703E4AXXXSP 
and M37703E4BXXXSP are the external clock input frequen- 
cy as shown below. Therefore, the following descriptions 
_ will be for the M37703E4-XXXSP unless otherwise noted. 


_ External clock input frequency 


Type name 
M37703E4-XXXSP 
M37 703E4AXXXSP 
M37703E4BXXXSP 

















The M37703E4-XXXSP has the same functions as the 
M37703E2-XXXSP. except for the memory size. 


FEATURES 

® Number of basic instructions: We eUR OMe: Csas'S alee ene eue To moa TONe Moay Bowe ter wae 103 

@ Memory size PROM (one time) +17010-1+7-+-""32K bytes 
RAM::----- gia raed eank tiga Rees 2048 bytes 


@® Instruction execution time 
M37703E4-XXXSP | 3 
(The fastest instruction at 8 MHz frequency) -----:: 500ns 
M37703E4AXXXSP | | 
(The fastest instruction at 16 MHz frequency):::::: 250ns 
M37703E4BXXXSP © | 
(The fastest instruction at 25 MHz frequency):::::- 160ns 


e Single power supply: sss settee eee ee eens 5V+10% 
@ Low power dissipation (at 8 MHz frequency) 
ee re er re 30mW (Typ.) . 
e@ Interrupts ee ae ee er ee ae ee ee 19 types 7 levels’ 
@ Multiple function 16-bit timer ----.cr re S+3 
@ UART (may also be synchronous) His eay eee re eR Nuun 7) | 
@ 8-bit A-D converter rete 4-channsl inputs 
@ 12-bit watchdog timer 

@ Programmable input/output . 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) ss 53 


PIN CONFIGURATION (TOP VIEW) 


AVoc 
Vaer ++ P8o/CTSo/RTSp 
AVss ++ P8,/CLKy 
P77/AN7/AD+aG +> P8./RxDo 
P7,/AN> +> 160] +> P83/TxDo 
P7,/AN, ++ +> P8./RxD, 
P7>/ANo + +> P8,/TxD, 
P6s5/TBO\n > +> P0o/Ag 
P6,/INT> 
P6,/INT, +> +> P0./Ap 
P62/INTo +> +> P03/Ag3 
P57/TA3in +> P04/A4 
P5¢6/TA3our + +> P0s/As5 
P55/TA2in +> P0¢/Ag 
P54/TA2out +> P07/Az 
P53/TA1in + +> P1o/Ag/Dg 
P52/TAlour +> P14/Ag/Dg 
P5,/TAQin > +> P15/Ai9/Di9 
P5o/TAQour 46} +> P13/A44/Dy4 
P4,/DBC* + <> P14/Ayo/D42 
P4,/¢, + + P15/Ay3/D43 
P4,/RDY + [8] > P16/Ay4/Di4 
P4,/HOLD + +> P17/Ay5/Di5 
BYTE — +> P25/Ai6/Do 
CNVsg +> P2,/A17/D, 
RESET —> + P2./Ay9/D> 
| +> P23/Ai9/D3 
+> P24/Aoo/Dy 
++ P22/A>,/Ds 
+> P2¢/AnkDe 
+> P2,/Ao3/Dz7 
+> P39/R/W 


Outline 64P4B 


* : Used in the evaluation chip mode only 


dSXXXdvacoZZEw 
JO 

dSXXXVPAEOLZEW 
JO 

dSXXX-vACOLZEW 





APPLICATION 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
communication, and measuring instruments 


THE FUNCTIONS AND CHARACTERISTICS 
The M37703E4-XXXSP has the same functions and charac-, 
teristics as the M37703E2-XXXSP except for the ROM and 


RAM size. Refer to the section on the M37703E2-XXXSP. | 


DATA REQUIRED FOR PROM ORDERING 


Please send the following data for writing to PROM. 

(1) M37703E4-XXXSP writing to PROM order confirmation 
form 

(2) 64P4B mark specification form for one time PROM 

(3) ROM data (EPROM 8sets) 
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M37703E4BXXXSP 
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MELPS 7700 MASK ROM 


ORDERING METHOD 





MASK ROM ORDERING METHOD 

Mitsubishi Electric corp. accepts order to transfer EPROM 
supplied program data into the mask ROMs in single-chip 
16-bit microcomputers. When placing such order, please 
submit the information described below. 


1. Mask ROM Order Confirmation Form:::-------- genaiers 1 set 
(There is a specific form to be used for each model.) 
2. Data to be written into mask ROM: :\:-se ee EPROM 


(Please provide three sets containing the identical 
data. ) 
3, Mark Specification Form oe: 6 00:0, 0:0! 60:8: wre:ieie Wiese Sie 8 ee '4-0 016.48 ee 8'e 1 set 


NOTES 

(1) Acceptable EPROM type 
Any EPROM made by Mitsubishi Electric corp. that is 
listed in the Mask ROM Order Confirmation Form may 
be used. 

(2) EPROM window labeling 
Please write the model name and the identification 
code (A, B, C) on the label for each of the three sets 
of data EPROMs provided: 


_ Example : Label 





- Type 


Identification 
- code for each 
of three sets 


| MELPS 


From customer 


EPROM 
(3 sets) 


= 


EPROM: 





Order make 


M37702M2 
~XXXFP 


Mask ROM 


7700 MASK ROM DEVELOPMENT 


Mitsubishi Electric corp. 


’ Acceptance 


(3) Calculation and indication of check sum code 
Please calculate the total number of data in words in 
the EPROM, and write the number in 4-digit hexade- 
cimal form in the check sum code field of the Mask 
ROM Order Confirmation Form. 

(4) Options 
Refer to the appropriate data book entry and write the 
desired options on the Mask ROM Order Confirmation 
Form. | 

(5) Marking specification method 
The permissible marking specifications differ depend- 
ing on the shape. of package. Please fill out the Mark- 
ing Specification Form and attach it to the Mask ROM 
Order Confirmation Form. 


OUTLINE OF ORDER PROCESSING 
Mitsubishi Electric corp. will produce the mask ROM if at 
least two of the three EPROM sets submitted contain iden-- 
tical data. 
If we find error when the submitted EPROMs are com- 
pared, we will contact your representative. Thus, we 
assume responsibility only when we produce the mask 
ROMs that contain data other than the data correctly pro- 
vided by the customer. 
Mitsubishi. Electric corp. uses an automatic mask ROM de- 
sign program to generated the forlling: 

1: Drafting data for mask ROM production; . 

2 : ROM code listing or EPROM for mask ROM produc- 

tion error check work; 

3 : Mask ROM test program. 

The chart below shows the flow of mask ROM production. 


CAD SYSTEM 


NO Mask ROM 


=? automatic design 


program 


Mask drafting data ROM test program 


Mask 
manufacturing 
process _ 


i) . . _ | @Wafer test 
el 3 ® Final test 
Mask ROM : 


manufacturing 
_ process 


@QA test 
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-MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 
SINGLE CHIP 16-BIT MICROCOMPUTER M37702M2- XXXFP | 
| MITSUBISHI ELECTRIC 


Mask ROM number 





Note : Please fill in all items marked>X 


. ' a : ; upervisor 
Company . . [ee corals) p 






name - 
_%& |} Customer | 


Date 
“ issued 


Dae Confirmation 
- Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). | 
_If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this:data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in vemmying the data con- 
tained in the EPROMs submitted. . | 


Checksum code for entire EPROM areas LL (hexadecimal notation) 


Issuance 
signatures 











EPROM Type . | 
== (1) Set “FFy,¢” in the shaded area. 
a ae 27256 pf U 27512 (2) Address 01g to 10;¢ are the area for sisfina the 
| 7 | data on model designation and options. This area 
10000 must be written with the data shown below. 
0010 |. Details for option data are given next in the sec- 


tion describing the STP instruction option. 

Address and =data are written | in hexadecimal 
notation. 

Address Address Address 


Lenton da 10, 


























mM™MOQOQOWPYOOD 





* 2. STP instruction Gh 
One of the following sets of data should be written to the option data address eigie) of the EPROM you have 
oe Check @ in the appropriate box. - 


~ {1 STP instruction enable "Address 1016 
L] STP instruction disable | 0016 | Address 1016 


* 3. Mark specification 
a Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark pea Form (for Aes XXXFP) and attach to ine Mask ROM Order Con- 
firmation Form. | 
& 4. ~Comments 








| @. wirsusisH 
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- MELPS 7700 MASK ROM ORDER CONFIRMATION FORM — 


SINGLE-CHIP 16-BIT MICROCOMPUTER M37702 
MITSUBISHI ELECTRIC 


Company 
name 


* | Customer 


M2AXXXFP 










Section head| Supervisor 
signature signature 







Note : Please fill in all items marked*X 


Responsible . 
Supervisor 





Date © 


issued 





Xx 1. Confirmation 


Issuance 
signatures 


Specify the name of the product Béing ordered and the type of EPROMs: submitted. 


Three sets of EPROMs are required for each pattern (Check 


@ in the appropriate box). 


If at least two of the three sets of EPROMs submitted contain the identical data, we will produce. masks 


based on this data. We shall assume the responsibility for er 


rors only if the mask ROM data on the products 


we produce differ from this data. Thus, the customer must be especially carci, in verifying the data con- 


tained in the EPROMs submitted. 


EPROM Type . 


: : (1) 
O 76 | OF 2) 


—~} 0000 











4, 0010 




















* 2. STP instruction option 





Checksum code for entire EPROM areas RERE (hexadecimal notation) 


Set “FF,” in the shaded area. 
Address O16 to 1016 are the area for storing the 


- data on model designation and options. This area 


must be written with the data shown below. 
Details for option: data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 

Address Address Address 


10 





NOOhWN—O 
aaa 

i) |} 
T“7AMOOWPYwOD 





One of the following sets of data should be written to the option data address (1016) of the EPROM you have 


ordered. Check @ in the appropriate box. | | 
[1 STP instruction enable Address 1016 
[] STP instruction disable paghoe 1016 


MSs Mark specification 
: Mark specification must be submitted using Hite correct form 


for the type of package being ordered fill out the 


appropriate 80P6N Mark Specification Form (for Oe and attach to the Mask ROM Order Con- 


firmation Form. 
K 4. Comments 








MTSUBSH ss 
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| GZZ—SH02—47A< 99A0> 


_ MELPS 7700 MASK ROM ORDER CONFIRMATION FORM — aes 
_ SINGLE- CHIP 16-BIT MICROCOMPUTER M37702M2BXXXFP = 

J MITSUBISH ELECTRIC 
signature. | signature 


Note : Please fill in all items markead>x 


- : | | lemeer 
| j upervisor 
Company officer per 


name mS | 
_ %& | Customer — | 
: Date | ; ; E 
| issued ; | | > | oe 


* 1. Confirmation 
Specify the name of the srodiiet Beng ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this. data. Thus, the customer must be SEP Perens. careful in MERHY:Ng the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas a (hexadecimal notation) 


(1) Set “FF4,” in the shaded area. 

Address 016 to 10ig are the area for Seine the 
data on model designation and options. This area 
must be written with the data shown below. | 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and’ data are written in hexadecimal 











Issuance 
signatures 


- EPROM Type : 





































notation. 7 
_ Address __ | Address Address 

0 8 10 

1 9 | 

ze A 

3 Bo 

4 C 

5 D 
6 E 

7 F 





x 2. STP instruction option | | 
a One of the following sets of data should be written to ne option data Banas? (1016) of the EPROM | you have 
; ordered. Check @ in the appropriate box. | z : 
(1 STP instruction enable - | O1i¢ a Address 1046 
. [C1 STPinstruction disable |__00;6 p Address 1016 
- 3&3. Mark specification . | | 
Mark specification must be submitted: using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark epociiication:s Form vial M37702M2BXXXFP) and attach to the Mask ROM Order Con- 


firmation Form. 
*x 4. Comments — 
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MELPS 7700. MASK ROM ORDER CONFIRMATION FORM ~ 
SINGLE-CHIP 16-BIT MICROCOMPUTER M37702M4-XXXFP © cs —— oad 


MITSUBISHI ELECTRIC | a 8 ey ; 





Note : Please fill in all items marked 


Responsible 
Supervisor 









Issuance 
signatures 





| Company 
name 
* | Customer : 
Date ; | 
issued | : 


* 1. Confirmation 
' Specify the name of the product peinak ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we -will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in eNeriying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas. jt tye (hexadecimal notation) 


: (1) Set “FF,” in the shaded area. 

.O 27512. . (2) Address 01g to 10,4 are the area for storing the 
. data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 

Address and data are written in hexadecimal 


EPROM Type : 

















notation. 
| Address Address : Address 
4D | 0 8 [Option data] 10 
, 1 9 
a A 
3. B 
4 C 
5 ~D . 
6 E 
7 F 








2. STP instruction option | 
«=. .Qne of the following sets of data should be written to the option data anaes: (1016): of the EPROM you have 


__ ordered. Check @ in the appropriate box. 
Cl stp instruction enable | 0116 | Address 1016 


1] STP instruction disable Address 1016 


3% 3. Mark specification | : 

~ + Mark specification must be submitted using the correct ‘ean for the type of saeiage beinG ordered fill out the 
appropriate 80P6N: Mark Specification Form (for M37702M4- ie and attach to the Mask ROM Order. Con- 
firmation Form. 2 4 

* 4. Comments 
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- MELPS 7700 MASK ROM ORDER CONFIRMATION FORM _ [Mask ROM number | 
SINGLE-CHIP 16-BIT MICROCOMPUTER M37702M4AXXXFP ee | 


TSB IShl ELECTRIC | oe ei : -_ : al 





Note : Please fill in all items marked>x 


| | | peels upervisor 
Company es | | officer 






| Customer 


name 


— Date 
| issued ~ . 


Confirmation 


Issuance 
signatures 


Specify the name of the product ee ordered and the ps of EPROMs submitted. 


Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 


‘If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 


based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially carer in verifying the data con- 


_ tained in the EPROMs submitted, 


Checksum neae for entire EPROM areas CLE « (nexadeeinial notation) 


EPROM Type : 


2. 


K 3 


4, 


(2) Address 01g to 10,5 are the area for storing the 
data on model designation and options..This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
_ Address and data are written in hexadecimal 
notation. | 
Address __ Address. _- Address 


[Option data] 10 


: : (1) Set “FF 46” in ‘hes shaded area. 
an ~~) 27512 © | 





co 





NOOR wWhH—O 
—TmMoUOW?F> oOo 


‘STP instruction option 


One of the following sets of data should be written to the option data address ie of the EPROM you have 


ordered. Check @ in the appropriate box. . 


[] STP instruction enable Address 1046 
[STP instruction disable ee 


.. Mark specification — 


Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification F Form (for Maclean! and attach to the Mask ROM Order Con- 
firmation Form. 

Comments 
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EPROM Type : 


ae 


* 4, 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number] 
SINGLE-CHIP 16-BIT MICROCOMPUTER M37702M4BXXXFP os : 


MITSUBISHI ELECTRIC ! 


Note : Please fill in all items marked 


Responsible : 
Supervisor 












Issuance 
signatures 


Company | 
name 
* | Customer 
Date ‘ E 
issued : . 


*1. 


Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMsS are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 


-based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 


we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas geREe (hexadecimal notation) 
3 | (1) Set “FF4,” in the shaded area. | 
Py 27512° & = (2) Address 0g to 1016 are the area for storing the 


data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 


Address _Address Address 


Option data} 10 


CO 








SIO OP WHY — CO 
mmMO0QOD>© 


STP instruction sptich 
One of the following sets of data should be. written to the option data address S (1046) o the EPROM you have 


ordered. Check @ in the appropriate box. 


(1 STP instruction enable | O11. .| Address 1046 


STP instruction disable Address 1016 


Mark. specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 


- appropriate 80P6N Mark Specification Form (for M37702M4BXXXFP) and attach to the Mask BOM Order Con- 


firmation Form. 
Comments 








MITSUBISHI MICROCOMPUTERS | 


aie 7700 MASK ROM 
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J 





acai AC on : 4 
MELPS 7700 MASK ROM ORDER CONFIRMATION FORM. Lr 
‘SINGLE- CHIP 16-BIT MICROCOMPUTER M37703M2-XXXSP_ —— 


‘MITSUBISHI ELECTRIC ie - 





Note . Please fill in all items Janes 






name 


con | | officer 
Anat | upervisor 
Company . . [officer , 


x Customer 
| Date 





Issuance 
_ signatures 


issued 


CON Confirmation 

| Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this. data. We shall.assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must .be especially” careful in ven the Gata con- 
tained in the See: submitted. os 





_ Checksum code for entire EPROM areas’ (hexadecimal notation) 


EPROM Type : 4 

3 3 (1) Set “FE yg" in the shaded area. 

Address 0,6 to 10,5 are the area for Seana the 

data on model designation and options. This area — 

must be written with the data shown below. 

Details for option data are given next in the sec- 

tion describing the STP instruction option. 

Address and data are ween in hexadecimal 

notation. a | 
Address naarese aadraes . 


[option daa] 10 


























mmMmMooOoOWrY> © 


ieay 
MIO lwo!O ct oO 
NO Ol & © Ph — © 


Xx 2. STP instruction aption | | 
. One of the following sets of data should be written to the option data address Go of the prone yet have 
ordered. Check @ in the aperopiate box. 


in, STP instruction enable ‘Address 1046 | 
{J STP instruction disable Address 1046 


%*% 3. Mark specification foe 
Mark specification must be submitted using thie correct form for the fips of package being aierba fill out the 
-- appropriate 64P4B. Mark eerie e Form (for M377038M2- XXXSP) and attach to the Mask oe Order r Con- 
firmation Form. 
K 4. Comments — 
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GZZ—SH02—52A< 99A0> 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 


SINGLE-CHIP 16-BIT MICROCOMPUTER M37703M2AXXXSP = 


MITSUBISHI ELECTRIC a ssad EET 
signature | signature 










Note : Please fill in all items marked* 


; eae S . 
F upervisor 
Company Officer . p 


name — |; ® 
* | Customer 
Date : : 
issued 


* 1. Confirmation : 

| Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). - 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks | 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products — 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. ; 


‘Checksum code for entire EPROM areas rt yf] - (hexadecimal notation) 
EPROM Type: a | ! | | 
: 3 (1) Set “FFi,_” in the shaded area. 
L] 27256 LE) 27512 (2) Address 016 to 10;g are the area for storing the 


data on model designation and options. This area 
must be written with the data shown below. 

Details for option data are given next in the sec- | 
tion describing the STP instruction option. 

Address and data: are written in hexadecimal 
notation. | | 


Address _ Address Address 


[Option data} 10 


issuance 
signatures 








TmMOOW D> Oc 





NOOB WNMH—O 


% 2. STP instruction option | 7 : | 
One of the following sets of data should be written to the option data address (1015) of the EPROM you have . 
ordered. Check @ in the appropriate box. hy _ | : 


(J STP instruction enable [| Ot16 | Address 1016 
[J STP instruction disable Address 1046 
3. Mark specification , | ar | % a 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form (for M37703M2AXXXSP) and attach to the Mask ROM Order Con- 
firmation Form. — | | ? | = | 
* 4. Comments 





. a ¢ MITSUBISHI 4 a eR 





"MITSUBISHI MICROCOMPUTERS 


-MELPS 7700 MASK ROM 
| ORDERING METHOD 





GZZ—SH02—53A< 99A0> 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM _ [Mack AOM rumber| 
SINGLE-CHIP 16-BIT MICROCOMPUTER M37703M2BXXXSP_ om ) 


Peper ELECTRIC | 


Note : Please fill in all items marked 


| | Responsible| ¢ 
? : ! [Responsibie upervisor 
Company | officer | 


hame 











* | Customer 


Issuance 
“ signatures 


x1. Confirmation 
Specify the name of the product bon ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three. sets of EPROMs submitted contain the identical. data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be eSreeay careful in verifying the data con- 
tained in the EPROMs submitted. 


‘Checksum code for entire EPROM areas Midd! (nexadecimal Neration) 


(1) Set “FFj.¢” inthe shaded area. 


EPROM Type « 













data on model designation and options. This area 

must be written with the data shown below. 

Details for option data are given next in the sec- 

tion describing the STP instruction option. 

Address and data are written in hexadecimal 
~ notation. 

















Address ' Adaises Address 
0 8 10 
1 9 . _ 
<2. % om 
3 B 
4 C 
5 D 
6 E- 

7 Pe 





% 2. STP instruction option | *. add : | ey & 
One of the following sets of data should be written to the option data address (1016) of the EPROM you neve 
ordered. Check @ in the aberconate box. : 


O STP instruction enable Address 1016 
L] STP instruction disable oe) Address 1046 


* 3. Mark specification — : | 

| _ Mark specification must be submitted using the correct form for the type of package Being ‘ordered fill out the 
_appropriate 64P4B Mark Specification Form (for MTT OSM CER and attach to the Mask. ROM eeroe: Con- — 
firmation Form. 

x A, Comments - 





mage te ne, 7% a0. MITSUBISH 


Address 0;, to 10;5 are the area for storing the fae 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH02—42A< 98A0 > 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP 16-BIT MICROCOMPUTER M37703M4-XXXSP 
MITSUBISHI ELECTRIC 











Date : 


Section head Supervisor 
signature signature’ 


Tt 


Note : Please fill in all items marked* 


_ |Responsible ‘ 
Supervisor 


Company — 
name . 
* | Customer 
Date : 
issued |. 7 


1. Confirmation 
Specify the name of the product being ordexed and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas i td (hexadecimal notation). 


(1) Set “FF,” in the shaded area. 

L] 27512, | (2) Address 0i¢ to 10jg are the area for storing the 
| data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 

Address and data are written in hexadecimal 










Issuance 
signatures 








EPROM Type : 











notation. 
Address Address ; Address 
0 8 10 
1 9 : 
Ree A 
3 B 
4 C 
5 Dp 
6 E 
7 F 





2. STP instruction option | 
One of the following sets of data should be written to the option data address (1016) of the EPROM you have — 


ordered. Check @ in the appropriate box. 
[] STPinstruction enable [ O11 | Address 1016 
[] STP instruction disable Address 1046 


* 3. Mark specification. 2 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
- appropriate 64P4B Mark Specification Form (for M37703M4- eae and attach to the Mask ROM Order Con- 
firmation Form. 3 
x 4, pormnments 








@ witsusisH | = o a - a 


MITSUBISHI MICROCOMPUTERS 


‘MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH02—43A< 98A0> 





| ‘Mask ROM number | _ 


Section pectoviesd sSaperviear 7 
ig pectoviesd signature 


Note - Please fill in all items marked>< — 


| o, 3 | pervisor 
Company . officer P 


| : name - | i ae 7 
2X | Customer | : 7 | , | 
_ | Date a eg “2 | | o, ! 
issued ‘ . 


* 1. Confirmation 
| Specify the name of the product Bein ordered and the type of EPROMs submitted. 
Three sets of EPROMsS are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will sredues masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in dle the data con- 
tained in the EPROMs submitted. | 


Checksum code for entire EPROM areas wera + Mexadeaine notation) 
: (1) Set “FF,” in the shaded area. 
| nm 27512 


MELPS. 7700 MASK ROM ORDER CONFIRMATION FORM 
SINGLE-CHIP 16-BIT MICROCOMPUTER M37703M4AXXXSP 
MITSUBISHI ELECTRIC 
















Issuance 
signatures 


EPROM Type ‘ 


(2) Address 016 to 10;¢ are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 

_ Details for option data are given next in the sec-._ 
tion describing the STP instruction option. 7 
Address and data are written. in hexadecimal 
notation. | 

| Address Address ____ Address 


[pion deta] 10 














mTMIOD> © 





Serre 


OK 2. STP instruction vention | 
~ One of the following sets of data should. be written to the option data address (1046) of the EPROM you have 
ordered. Check @ in the appropriate box. , 


C1) STP instruction enable [ O16 | Address 104, 


1 STP instruction disable Address 1046 


% 3. Mark specification : e 
_ Mark.specification must be submitted using the correct form for the type of package balag. arderaa fill. out the 
appropriate 64P4B. mas oe ec Form a MSHREMADANSE and attach to the Mask BOM Order Cone 
firmation Form. 
~ 384. Comments 








4-14, 


; | _ | MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH02—44A< 98A0 > — | | | 
MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 


SINGLE-CHIP 16-BIT MICROCOMPUTER M37703M4BXXXSP x 
MITSUBISHI ELECTRIC 2 at 










Note : Please fill in all items marked 



















. . Responsible) supervisor | 
, upervisor 
name ( ) 8 2 
%* | Customer S % 
a Cc 
Date 42 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will siaduce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. : 


~Checksum ede for entire EPROM areas TTL] « (hexadecimal notation) 








EPROM Type: 
oe : (1) Set “FF,” in the shaded area. 
L} 27512 © (2) Address O16 to 10i¢ are the area for storing the 
: _ data on model designation and options. This area 
0000 | must be written with the data shown below. 


Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 


0010 














notation. 

Address _ Address Address | 
0 8 10, 

| 9g. | 3 

2 AD 

3 B 

4 Cc 

5 a 

6 E 

7 F 





* 2. STP instruction option | | : 
sg One of the following sets of data should be written to the option data address (1016) of the EPROM you have 
ordered. Check @ in the appropriate box. 


L)_ STP instruction enable Address 1016 
[1 STP instruction disable Address 1046 


* 3. Mark specification 
Mark specification must be submitted using the correct form for the type of Saakage: being ordered fil out the 
appropriate 64P4B Mark Speeiicaton Form Her OH OMAE er and attach to the Mask ROM Order Con- 
| firmation Form. 
*.4. Comments 





¢ MITSUBISHH = . sete 





MELPS 7700 PROM 


_ MITSUBISHI MICROCOMPUTERS 


ORDERING METHOD 





~ PROM. ORDERING ‘METHOD 

Mitsubishi Electric. corp. accepts order to transfer EPROM 
supplied program data into. the one time PROMs in single- 

. chip 16-bit microcomputers. When placing such order, 

please submit the information described below. 


1. Writing to PROM vofaci Confirmation Form:::+:1+-- 1 set 


_. (There is a specific form to be used for each model.) - 
2. Data to be written into PROM built in--+-+-++----- EPROM 
| (Please provide three sets ‘comand the identical 
data. ) 
3. ; Mark specication Form vee e tee eeneeeeees seeeeeeees sessed set 


NOTES 

(1) Acceptable EPROM type 
Any EPROM made by Mitsubishi Electric corp. that is 
listed in the Writing to PROM Order Confirmation Form 
may be used. | 

Label 


Example : 


Type 


of three sets 





MELPS 


From customer 


| Confirmatio 
form 
_. EPROM 


Object — (3 sets) 


program 
generation 


“Data 


t 





4-16 


Identification 
code for each 


(2). EPROM window labeling 
- Please write the model name and the identification 
code (A, B, C) on the label for each of the three sets 
of data EPROMs provided. 
(3) Calculation and indication of check sum code 
Please calculate the total number of data in words in 
the EPROM, and write the number in 4-digit hexade- 
_cimal form in the check sum code field of the writing | 
to PROM Order Confirmation Form. 
(4) Marking specification method - 
The permissible marking specifications differ depend- 
ing on the shape of package. Please fill out the Mark- _ 
ing Specification Form and attach it to the waliag to 
PROM Order Confirmation Form. : 


OUTLINE OF ORDER PROCESSING 
Mitsubishi Electric corp. will produce Writing to PROM if at 
least two of the ie EPROM sets submitted contain iden- : 


tical data. 


If we find error when the submitted EPROMs are com- 
pared, we will contact your representative. Thus, we 
assume responsibility only when we produce Writing to 


~~ PROMs that contain data other than the data correctly pro- 


vided by the customer. 
The chart below shows the flow of one time PROM produc-’ 


tion. 


Ce ONE TIME | PROM DEVELOPMENT CAD SYSTEM 


Mitsubishi Electric corp. 


| 
: 


ROM code 
list ee 


@ Writing to. a 
PROM | 
e Final test 
’ | @Screening 
@QA test 


- Acceptance 


7 








MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH02—54A< 99A0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | 
SINGLE-CHIP 16-BIT MICROCOMPUTER : 
M37702E2-XXXFP 
MITSUBISHI ELECTRIC 





Responsible aa 
Supervisor 






signatures 


Company 
name 
x | Customer —— 
| Date : 
issued ° . 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). | 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
_PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas rt] [| (hexadecimal notation) 


(1) Set “FF,.” in the shaded area. 

Address 016 to OFi, are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in nexsgecunia! 
notation. . 
Address Address 


EPROM Type : 

















NWO OR WD — © 
TMMOOWPYOO 





K 2. Mark specification 
Mark specification must be submitted using the correct form for the pe: of. package being ordered fill out the 
appropriate 80P6N Mark Specification Form oi M37702E2- Brn and attach to the meng to PROM Order | 
Confirmation Form. 

i Ss vemments: 





_ MITSUBISHI a nee mr 2 





MITSUBISHI MICROCOMPUTERS 


/MELPS 7700 PROM ORDERING METHOD 





GZZ—SH02—55A< 99A0> 


ROM number an 





‘MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 


SINGLE-CHIP 16-BIT MICROCOMPUTER) oe | 
| M37702E2AXXXFP Pos | 


ee | Section head} Supervisor: 
MITSUBISHIELECTRIC = (asi(itstsésYsC: 





Note : Please fill in all items marked 


Responsible | . F 
Supervisor 






Issuance 
signatures :. 


| Company | | 
: name . 
XX | Customer | 
: Date ee, 8 | | - iD. 
_ | issued , ty ae . ‘ 


* 1. Confirmation 
| Specify the name of the product being ordered and the typeof EPROMs. submitted. _ 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate ba. 
lf at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this. data. Thus, the customer must be Seprcialy careful | in verifying the data 
contained in the EPROMs submitted. 


Chedkeuln “ede for entire EPROM areas me ey (hexadecimal notation) 


(1) Set “FF,” in the shades area. 
Address 0;,¢ to OFig are the area for storing the 
data on model designation. This area must be 

_ written with the data shown below. | 
Address and data are written in nexacer mal: 
‘notation. 

Address _—_—sAddress 


_ EPROM Type - 











NOOBRWNM—O 
™MOQOQWPYoO 


2. Mark specification: : : | : 
_ Mark specification must be submited: using the correct: form for the ee of peerage being ordered fill out the 
appropriate 80P6N Mark Specification Form ete M37702E2AXXXFP) and attach to the Writing to PROM Order 
_Confirmation Form. 
x 3. Comments 





ae eg se (APCELECTRIG 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH04—07A< 0ZA0 > 


_ MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | Romeunber | 
SINGLE-CHIP 16-BIT MICROCOMPUTER - 


M37702E2BXXXFP | : 
Section head| Supervisor 
MITSUBISHI ELECTRIC : % [signature _| signature 





Note : Please fill in all items marked>X 


Responsible 
officer 


Supervisor 


Company 
name 


| | ( ) 
Date 
issued 


* 1. Confirmation 
Specify the name of the product Being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
lf at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in vera” the data 
contained in the EPROMs submitted. 


_ Checksum code for entire EPROM areas OE kk (hexadecimal notation) 
EPROM Type: _ . 
(1), Set “FF4,” in the shaded area. | 
Ol 27256 ~ [CL] 27512 (2) Address 016 to OFig are the area for storing the 


data’ on model designation. This area must be 
written with the data shown below. © 

Address and data are written in hexadecimal | 
notation. 


Address | Address 






* | Customer 





Issuance 
signatures 











NOORwWwWrn—-o 
T™mMOOWDYOCD 


* 2. Mark specification : 
Mark specification must be submitted using the correct form for the type of package being ordered fill ‘out the 
appropriate 80P6N Mark Specification Form (for M37702E2BXXXFP) and attach to the ane to ee Order 
Confirmation Form. | | | 

XK a. Comments. 





MI wn He eee 








MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





@22—SHOS-87A\ 07A0> | | 
-MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM =r 


ate - 
M37702E4-XXXFP | ar 


MITSUBISHI ELECTRIC 







| , | | | Bae 
; upervisor 
Company pResponsiels) p 


| name ee . 
* | Customer : 
Date a | : , 
| issued “ | 


K1. Confirmation 
| Specify the name of the product boing ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility. for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas. a (hexadecimal or, 
, : : (1) Set “FFy._” in the shaded area. 
L] 27512 po 


Issuance 
signatures 


EPROM Type ; 





data on model designation. This area must be 
written with the data shown below. 
Address and data are men in hexadecimal 











notation. . 
Address Address 
0 2D 8 
1 FF 9 
a ee 
3. | FF |B. 
4. FF C 
oO: Sil RE oD 
eer s 
7 F 





x 2. Mark. specification : 
~ Mark specification must be submitted using the correct form for the type of ee being. ordered fill out the 
appropriate 8OP6N Mark eee Form pon M37702E4- XXXFP) and attach to the wat be PROM Order 
Confirmation Form. 

* 3. Comments 





(2) Address 01g to OF; are the area for eteing the — 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH03—70A< 07A0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | i 


SINGLE-CHIP 16-BIT MICROCOMPUTER 


M37702E4AXXXFP 
Section head Su ervisor 
MITSUBISHI ELECTRIC _ | = [sanatre 








Note : Please fill in all items marked 


| Responsible : 
Supervisor 









Issuance 
signatures 


Company | : 
name 7 
*& | Customer . 
Date i , | 
issued ; | 


* 1. Confirmation 
Specify the name of the product being ordered and the wpe of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
- PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
- products we produce differ from this data. Thus, the customer must be eepeciane careful in verifying the data 
copiainie? in the EPROMs submitted. | | 


Checksum code for entire EPROM areas rt i [4] | (hexadecimal notation ) 
: (1) Set “FF4,” in the shaded area. | 
Cl 27512 





EPROM Type : 


(2) Address 04g to OFig are the area for storing the 
data on model designation. This area must be 
written with the data shown below. . 
Address and data are written in havadeciial 

















notation. 

Address _ Address 
0 8 
1 9 

2 A 

ee. B 
4 Cc 

“5 D | 
6 E 
7 F 








K 2, Mark epaichicaiien 
Mark specification must be submitted using the saireet form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form we M37702E4AXXXFP) and attacn to the ng to PROM. Order 

~ Confirmation Form. 

*x 3. Comments | 








MITSUBISHI MICROCOMPUTERS 


-MELPS 7700 PROM. ORDERING METHOD 





| GZZ—SH03—38A 01A0> 


“MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM a 


SINGLE-CHIP 16-BIT MICROCOMPUTER = 
M37702E4BXXXFP 
Section head Su ervisor 
MITSUBISHI ELECTRIC signature 












Note : Please fill in all items marked: 
‘ upervisor 
Company P 
| name 
*x | Customer 





Issuance 
signatures 


Date 


issued 


* 1. Confirmation 
Specify the name of the areauies being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
- products we produce differ from this data. Thus, me customer must be. especially careful in eas the data 
contained in the EPROMs submitted. 


- Checksum code for entire EPROM areas TL (hexadecimal ante 


Set “FFi,¢” in the shaded area. 

o 27512 ! : Address: 01g to OFyg. are the area for storing the’ 
7 : data on model designation. This area must be 

written with the data shown below. 

Address and data are written in hexadecimal 


EPROM Type - 

















notation. 
Address ~~‘ Address — 
0 8 

33 | 9 

37 2 A 

37 3 B 
| 30 4 CG: 
! 32 5 D. 

45 | 6 “JE 
eS, F 








* 2. Mark shuditeation 
Mark specification must be slibmmitied: using the correct form for the type of iaaeeace: being: ordered fill out the 
appropriate 80P6N Mark Spacileation Form (for aia and attach to the ne, to PROM Order 
Confirmation Form. — - — 

xX 3. Comments — 


ON pte Pt . 





MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH02—58A< 99A0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM = |_ROM number 
SINGLE-CHIP 16-BIT MICROCOMPUTER | 
| M37703E2-XXXSP [Dates 


_ |Section head! Supervisor 
MITSUBISHI ELECTRIC | 





Note : Please fill in all items marked 


Responsible 
officer 


Supervisor 


Company 
name 






* | Customer 





Date 





issuance 
signatures 


issued 





1. Confirmation 
| Specify the name of the product being ordered and the pias of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
- PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the _ 
products we produce differ from this data. Thus, the customer must be cee careful in verifying the data 
contained in the EPROMs submitted. , 


Checksum code for entire EPROM areas Yi] | | (hexadecimal notation) - 
































FF 
FF 
22. Mark specification ae ee eae 
Mark specification must be submitted using the correct jee for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form for one time PROM (for M37703E2- XXXSP) and attach to the Writ- . 
| ~ ing to PROM Order Confirmation Form. | | 
x 3. Comments 





1 ae 











EPROM Type : 
: , (1) Set “FF,,” in-the shaded area. » 
[] 27256 LJ 27512 | (2) Address 046 to OFig are the area for storing the 
a | data on model designation. This area must be 
0000 written with the data shown below. 
OnE Address and data are written in hexadecimal 
notation. . 
____ Address Address 
4D | (0 2D 8 
. 33 1 FF es 
37 2 FF A 
3f 3. FF B 
30 4 FF CC 
| 5 D 
6 E 
F 




















® wirsuBisH a ee ee 


MITSUBISHI MICROCOMPUTERS 


-MELPS 7700 0 PROM ORDERING METHOD 





_ GZZ—SHO2—59A< 9940) 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 


SINGLE- CHIP 16-BIT MICROCOMPUTER —— 
Date : 
sical . 


_MITSUBISHI ELECTRIC | 








Responsible ; 
Supervisor 


Company 
name 


* | Customer 
Date 


Issuance 
signatures | 


issued 


*K1. Confirmation 
| Specify the name of the product being ordered and the type a EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
_ PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
: products we produce differ from this data. Thus, the customer must be orrecaly careful in verifying ule data 
contained in ane EPROMs submitted. 7 


Checksum code for entire EPROM areas TT) « Bi hexadecimal notation) 
EPROM Type : . 
. (1) Set “FF ig” in the shaded area. | 
7 Pass 27256 Address 01,6 to OFj¢ are the area for storing the 


data on model designation. This area must be 
written with the data shown below. - 

Address and data are written in hexadecimal | 
notation. 


Address? Address 


\ 





Pe eee ce 
mMmMOODY wo 





2. Mark specification 
_ Mark specification must be submitted using the correct form for the type of package paiag ordered fil out the 
appropriate 64P4B Mark Specification Form for one time PROM (for Mer Tiae a wOUSk) and attach to the Writ- 
ing to PROM Order Confirmation Form. | : 
| x 3. Comments 





MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH04—08A < 0ZAO > | 


_ MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | 


SINGLE-CHIP 16-BIT MICROCOMPUTER , | 
M37703E2BXXXSP_ | fates 


Section head; Supervisor 
MITSUBISHI ELECTRIC pe a 





Note : Please fill in all items marked>X 


Responsible! « , 










TEL 















Company : gi 
name . iy . S 
* | Customer c © 
‘ Cc 
Date aD 
: 


1. Confirmation | | 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data. 
contained in the EPROMs submitted. | 


Checksum code for entire EPROM areas Ds ie ite 4 (hexadecimal notation) 


EPROM Type : : : 


. a (1) Set “PE a in the shadediared: 
as L] 27256 | L] 27512 2 


(2) Address 01, to OF;g are the area for. storing the 
data on model designation. This area must be 
written with the data shown below. 
Address and data are written in hexadecimal 
notation. | Oo | 
__ Address _ Address 











NOOR WHO 
“™™OUOWYwOC 





x 2. Mark specification pp —— st 3 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 7 
appropriate 64P4B Mark Specification Form for one time PROM (for M37703E2BXXXSP) and attach to the Writ- 
ing to PROM Order Confirmation Form. — : . | | | 

2X3. Comments 








\ 


‘MITSUBISHI MICROCOMPUTERS 


‘MELPS 7700 0 PROM ORDERING METHOD 





— GZZ—SH03—69A < 07A0 > 





-MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM meat uae ee 


SINGLE-CHIP 16-BIT MICROCOMPUTER) aaia(éssw ea oesieet | 
. | M37703E4-XXXSP | tag eee a” eres head|, Supervisor 
| MITSUBISHI ELECTRIC | ee eo eee : signalule =o signatule 








Note : Please fill in all items marked 


Responsible 
officer . 


Supervisor 


Company 
| name 
x | Customer 


Date 









Issuance 
signatures 


issued 








x 1. Confirmation - 

7 Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate. box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to _ 
PROM based on this data. We shall assume the’ responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be Specialy careful in verifying the data 
contained in the EPROMs Supine’: ae : 


‘Checksum code for entire EPROM areas TELL) (hexadecimal notation) 


| : (1) Set “FF,,” in the shaded area. 
LJ] 27512 — (2) Address 01, to OFi¢ are the area for storing the 
| | data on model designation. This area must be 
written with the data shown below. 
‘Address and data are written in hexadecimal | 
notation. 
Address | _ Address 


EPROM Type : 














NOOR WHO 
ain 
™mMoQOWY>OOD 








e/a Mark specification | | is : 
Mark specification must be submitted using ‘the correct form for the type of package being ordered fil out the 
appropriate 64P4B Mark Specification Fornt for one time PROM. (for MS7703E4: XXXSP) and attach to the Writ- 

_ ing to PROM Order Confirmation Form. 
~ ¥&3. Comments = 





(ti gi ye 4 ‘MITSUBISHI 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH03—68A< 07A0 > 


-MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM _ 


SINGLE-CHIP 16-BIT MICROCOMPUTER PO 
M37703E4AXXXSP ; 7 


Note : Please fill in all items marked 


Responsible : 
officer | Supervisor 











Company : 
name 
* | Customer 





Issuance 
signatures 


Date 





issued 








* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, ie customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum aGde for entire EPROM areas rt [ [4 (hexadecimal notation) 
— (1) Set “FF,,” in the shaded area. | 
, £27512 


EPROM Type: 


(2) Address 016 to OFig are the area for storing the 
data on model designation. This area must be 
written with the data shown below. | 
Address and data are written in hexadecimal 

















notation. 
_ Address. Address 
4D QO 8 
| 33 ] 9 
| 37 2 A 
387 | 3 ~B 
30 4 C 
33 5 D 
45 6 E 
| 34. 7 F 


% 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the - 
appropriate 64P4B Mark Specification Form for one time PROM (for sR Ea or and attach to the Writ- 
ing to PROM Order Confirmation Form. _ | 

*x 3. Comments 





Powrsuas er 





MITSUBISHI MICROCOMPUTERS 


io =. -MELPS 7700 0 PROM ORDERING METHOD 





Sce—shi0s-91 A<01A0> 





MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | 
SINGLE-CHIP 16-BIT MICROCOMPUTER | 7 


/M37703E4BXXXSP — 
= | — ae: Supervisor 
MITSUBISHIELECTRIC =i iasti(‘i;t*é«*@SCds:«CS 








Note : Please fill in all items marked 


Responsible 
officer 


Supervisor 


Company | 
name 









* | Customer 








issuance 
signatures 


Date 


issued 


%* 1. Confirmation | 
Specify the name of the > product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). — 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data: Thus, the customer must be especially careful in veruying ne data 
contained in the EPROMs submitted. 


‘Ghackeun code for entire EPROM areas -_[[T] (hexadecimal alan. 


| (1) Set “FFy,” in the shaded area. | 
U 27512 (2) Address 01 to OF,¢ are the area for storing the 
a : - data on model designation. This area must be 

written with the data shown below. 
Address and data are written in hexadecimal 
notation. oe 
Address Address 


EPROM Type : 














mMmMoOOWPYwOCO 





eee ee 





*% 2. Mark spacifiGalion: 
. Mark specification must be submitted using the correct fori for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form for one time PROM (for M37703E4BXXXSP) and attach to the Writ- 
ing to PROM Order Conlimation Form. ? | 
x 3. Comments - 
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4—28 - 


MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





MARK SPECIFICATION FORM 

Mark specification format differs depending on the pack- 
age type. | 

Fill out the Mark Specification Form for the package type 
being ordered, and submit the form with the Mask ROM 
Confirmation Form. 








MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





64P4B (64-PIN SHRINK DIP) MARK SPECIFICATION FORM _ 


~ Please oe one . of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special mark (if 
needed | 7 


A. Standard Mitsubishi Mark - 
® pnnnonnnnnnnnnnnnnnnnoannannanannnn ® 


Mitsubishi product number 
(6- digit) 


~—--~ Mitsubishi IC catalog name — 





—@ UUM OO @ 


B. Customer s Parts Number + Mitsubishi IC Catalog Name oO Fe = 
@ sANAAAnAANnC | con ~ ;-Customer’ s Parts Number 
qonnnonnnnanaaAonnannnann | Note: The fonts and size of 
characters are standard 
Mitsubishi type. 
— — —Mitsubishi IC catalog name 


Mitsubishi product number _ 





Note1 : The mark field should be written right aligned. 
_ 2:The fonts. and size of characters are standard Mitsubishi type. 


3: Customer’ s pals number can be up to 19 alphanumeric characters for capital letters, Bas commas, pence and. 
soon. 


_ 4:lf the Mitsubishi logo ‘ai is not required, check the box on the right. | _ , 
Mitsubishi logo is not required 


[| 


C. Special Mark Required. . 
| 66 DANANANANNOADANnANAL ANAAANANnAAAANA ® 





Notet : If special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will be dupli- 
_ cated technically as close as possible. Mitsubishi ‘product number (6- digit) and Mask ROM number (3-digit) are al- 
“ways marked for sorting the products. 


2: If special character fonts le. g., ‘customer's trade mark ica) must be used in special mark: check the box on ‘the 
right. 


For the new ‘special character fonts a clean font ae (ideally 090 drawing) must be submitted. 
Special character fonts required - 


|| | 








MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





- 80P6N (80-PIN QFP) MARK SPECIFICATION FORM 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special mark (if 
needed). 


A. Standard Mitsubishi Mark 





<<  S S S Mitsubishi IC catalog name 








Mitsubishi product | 
number (6-digit) 





toa ~Customer’ s Parts Nuimber 
) _! Note:The fonts and size of characters are standard Mitsu- 


bishi type. 
===. — — —-Mitsubishi IC catalog name 
Note1 : The mark field should be written right aligned. 
2: The fonts and size of chaleelore are standard Mitsu- 
bishi type. | ) 
3: Customer’s parts nuniber can be up to 14 alpha- 
numeric characters for capital letters, hyphens, 
~ commas, periods and so on. 
4:If the Mitsubishi logo * is not required, check the 
box below. 
#.Mitsubishi logo is not required 


-Note1 : If special mark is to be printed, indicate the desired 
layout of the mark in the left figure. The layout will 
be duplicated technically as close as possible. Mit- 
subishi product number (6-digit) and Mask ROM 
number (3-digit) are always marked for sorting the 
products. 

2:\f special character fonts (e.g., customer's trade 
mark logo) must be used in Special Mark, check 
the box below. 

‘For the new special character fonts a clean font ori- 
ginal (ideally logo drawing) must be submitted. 


_C. Special Mark Required 





Special character fonts required 











MITSUBISHI MICROCOMPUTERS 


‘MARK ¢ SPECIFICATION FORM — 





| @4P4B(64-PIN SHRINK DIP) MARK SPECIFICATION F FORM. 
for one time PROM version microcomputers 


Enter the catalog number of the plecocompinel for whieh this main spacitication is intended. (If you do not know the ROM 
code number, enter XXX in its place.) | | 


the catalog number of the microcomputer 
A. Standard Mitsubishi Mark | 


Customer specified part number will be printed together with ‘the ROM code number on the top line. 
Enter the desired part number left aligned in the box below. (up to 10 characters) , 


Mitsubishi catalog number 


(blank model number before writing) 


Mitsubishi lot number(6-digit) | 





Note1 : The following characters can be used in the sar number : ; | 
Uppercase alphabet, numbers, ampersand, hyphen, period, comma, es vi na ),© 
(©will be printed at 1,5X character width) 

2: XXX is the ROM code number. 7 


B. Special Mark Required 

_ If you desire anything other than the standard Mitsubishi mark, it will es treated asa special mark. 

Special marks will take longer to produce and should be avoided if possible. 

_If a special mark is to be printed, indicate the desired layout of the mark in the figure below. The oT will be duplicated as 
ee closely ' as possible. = 


—@ ANNNAnnNnannnnonnnn Pra elaraaa? 





Note : If the customer's trademark agen must be used in the special mark, please submit a clean original logo. 
Note that special marks require extra cost and time to ieee 





CONTACT ADDRESSES FOR FURTHER INFORMATION 








JAPAN 
Semiconductor Marketing Division 
Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telex: 24532 MELCO J 
Telephone: (03) 3218-3473 

(03) 3218-3499 
Facsimile: (03) 3214-5570 





Overseas Marketing Manager 
Kita-Itami Works 

4-1, Mizuhara, Itami-shi, 
Hyogo-ken 664, Japan 

Telex: 526408 KMELCO J 
Telephone: (0727) 82-5131 
Facsimile: (0727) 72-2329 





HONG KONG 
MITSUBISHI ELECTRIC (H.K.) LTD. 
25 Floor, Leighton Centre, 

77, Leighton Road. Causeway Bay. 
Hong Kong 

Telex: 60800 MELCO HX 
Telephone: (5) 773901-3 

Facsimile: (5) 895-3104 











SINGAPORE 
MELCO SALES SINGAPORE PTE. 
LTD. 

230 Upper Bukit Timah Road # 03- 
01/15 

Hock Soon Industrial Complex 
Singapore 2158 

Telex: RS 20845 MELCO 
Telephone: 4695255 

Facsimile: 4695347 





TAIWAN 
MELCO-TAIWAN CO., Ltd. 
1st fl., Chung-Ling Bldg., 

363, Sec. 2, Fu-Hsing S Road, 
Taipei R.O.C. 

Telephone: (02) 735-3030 
Facsimile: (02) 735-6771 











Telex: 25433 CHURYO “MELCO- 
TAIWAN” 

U.S.A. 

NORTHWEST 


Mitsubishi Electronics America, Inc. 
1050 East Arques Avenue 
Sunnyvale, CA 94086 

Telephone: (408) 730-5900 
Facsimile: (408) 730-4972 


SAN DIEGO 

Mitsubishi Electronics America, Inc. 
16980 Via Tazon, Suite 220 

San Diego, CA 92128 

Telephone: (619) 451-9618 
Facsimile: (619) 592-0242 


DENVER 

Mitsubishi Electronics America, Inc. 
4600 South Ulster Street 
Metropoint Building, 7th Floor 
Denver, CO 80237 

Telephone: (303) 740-6775 
Facsimile: (803) 694-0613 





SOUTHWEST 

Mitsubishi Electronics America, Inc. 
991 Knox Street 

Torrance, CA 90502 

Telephone: (213) 515-3993 
Facsimile: (213) 217-5781 


SOUTH CENTRAL 

Mitsubishi Electronics America, Inc. 
1501 Luna Road, Suite 124 
Carrollton, TX 75006 

Telephone: (214) 484-1919 
Facsimile: (214) 243-0207 


NORTHERN 

Mitsubishi Electronics America, 
15612 Highway 7 #243 
Minnetonka, MN 55345 
Telephone: (612) 938-7779 
Facsimile: (612) 938-5125 


nc. 


NORTH CENTRAL 

Mitsubishi Electronics America, 
800 N. Bierman Circle 

Mt. Prospect, IL 60056 
Telephone: (312) 298-9223 
Facsimile: (312) 298-0567 


nc. 


NORTHEAST 

Mitsubishi Electronics America, 
200 Unicorn Park Drive 
Woburn, MA 01801 

Telephone: (617) 932-5700 
Facsimile: (617) 938-1075 


nc. 


MID-ATLANTIC 

Mitsubishi Electronics America, 
800 Cottontail Lane 

Somerset, NJ 08873 
Telephone: (201) 469-8833 
Facsimile: (201) 469-1909 


nc. 


SOUTH ATLANTIC 

Mitsubishi Electronics America, Inc. 
2500 Gateway Center Blvd., Suite 300 
Morrisville. NC 27560 

Telephone: (404) 368-4850 
Facsimile: (404) 662-5208 


SOUTHEAST 

Mitsubishi Electronics America, Inc. 
Town Executive Center 

6100 Glades Road #210 

Boca Raton, FL 33433 

Telephone: (407) 487-7747 
Facsimile: (407) 487-2046 


CANADA 

Mitsubishi Electronics America, Inc. 
6185 Ordan Drive, Unit #110 
Mississauga, Ontario, Canada L5T 2E1 
Telephone: (416) 670-8711 

Facsimile: (416) 670-8715 


Mitsubishi Electronics America, Inc. 
300 March Road, Suite 302 

Kanata, Ontario, Canada K2K 2E2 
Telephone: (416) 670-8711 
Facsimile: (416) 670-8715 


MITSUBISHI 
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GERMANY 

Mitsubishi Electric Europe GmbH 
Headquarters: 

Gothear Str. 8 

4030 Ratingen 1, Germany 
Telex: 8585070 MED D 
Telephone: (02102) 4860 
Facsimile: (02102) 486-115 


Munich Office: 
ArabellastraBe 31 

8000 Mtinchen 81, Germany 
Telex: 5214820 
Telephone: (089) 919006-09 
Facsimile: (089) 9101399 





FRANCE 
Mitsubishi Electric Europe GmbH 
55, Avenue de Colmar . 

92563 Rueil Malmaison Cedex 
Telex: 632326 

Telephone: 47087871 

Facsimile: 47513622 





ITALY 
Mitsubishi Electric Europe GmbH 
Centro Direzionale Colleoni 
Palazzo Cassiopea 1 

20041 Agrate Brianza I-Milano 
Telephone: (039) 636011 
Facsimile: (039) 6360120 


SWEDEN 








Mitsubishi Electric Europe GmbH 
Lastbilsvagen 6B 

5-19149 Sollentuna, Sweden 
Telex: 10877 (meab S) 
Telephone: (08) 960468 
Facsimile: (08) 966877 





U.K. 
Mitsubishi Electric (U.K) Ltd. 
Travellers Lane 

Hatfield 

Herts AL10 8XB, England, U.K. 
Telephone: (0044) 7072 76100 
Facsimile: (0044) 7072 78692 





AUSTRALIA 
Mitsubishi Electric Australia Pty. Ltd. 
73-75, Epping Road, North Ryde, 
P.O. Box 1567, Macquarie Centre, 
N.S.W., 2113, Australia 

Telex: MESYD AA 26614 
Telephone: (02) (888) 5777 
Facsimile: (02) (887) 3635 
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